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-Following the subacute 4-wk exposure to 1.5 mg/L, a multifocal pneumonitis was
1.4 observed. Lung lavage had an elevated number of polymorphonuclear leukocytes

(P•Ns), alveolar macrophages, and total cells, and an increase in lavage fluid
"protein. Lung wet and dry weights were increased. A lesser increase in the number
"of alveolar macrophages and lung weights was observed after exposure to 0.5 mg/L.
Pulmonary function tests revealed an increase in end expiratory volume (EEV) after
1.5 mg/L. Systemic effects after the ,.ubacute exposure were minimal. A decrease

V4  in zoxazolamine-induced paralysis time was observed following both 0.5 ana

1.5 mg/L; hotwever, no effect on pentobarbital-induced sleeping time was observed.
Behavioral scudies were negative, as were clinical cheuistries and immune function
tests The subchronic 13-w'- exposures resulted in decreased body weight and

* *incre 'a ed lung dry weights at both 0.5 and 1.5 mg/L. As in the 4-wk study, there

was an ncrease in lavage fluid protein and EEV folowing the 1.5-mg/L
concentration. Zoxazolamine-induced paralysis time, which was decreased "fter
exposure co 0.2, 0.5, and 1.5 mg/L, correlated with an increase in aryl
hydroxylhydrolase activity in the liver at all concentrations. There were no
observable changes in immunology parameters or clinical chemistries. In jeneral,
"males and females responded in a similar fashion. In conclusion, it appears that
inhalation of fog oil smoke caused pulmonary effects indicative of an inflammatory
response (a concentration-related increase in PHNs) a progressive. granulomacous
lesion at 1.5 mg/L. Systemically, there was an induction of cytochrome P[-450,

4Cwhich could have significant implications for xenobiotic metabolism.
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Disclaimer

This paper has been reviewed by the Health Effects Research Laboratory,
U.S. Environmental Protection Agency, and approved for publication. Mention
of trade names or commercial products does not constitute endorsement or
recommendation for use.
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EXECUTIVE SUMMARY

Male and female, Spraglie-flawley, 60-day-old rats were exposed by
inhalation to fog oil smoke (MIL SPEC. SGF-2), a light lubricating oil.
Mortality studies showed foý, oil, smoke to be 100% lethal au 11.0 mg/L, 95%
lethal at 5.0 mgIL, 20% lethal at 1.0 mg/T., and 0% lethal at ^" I 'ig/L after a
6-hr exposure. The observed LC50 Of fog oil smoke after a '_ exposure was
5.2 mg/L. Two exposure regimens were utilized; one, a 4-wk, subacute
range-finding study, and two, a 13-wk subchronic study. During the
range-finding study, various exposure concentrations, frequencies, and
durations were investigated to determine the conditions to be used and

* parameters to be tested in the subchronic study. The 4-wk subacute exposure
regimen (Phase II) consisted of two exposure concentrations (0.5 and
1.5 mg/L), two exposure frequencies (70 min and 3.5 hr/day) and two exposure
durations (2 and 4 dayslwk); both sexes were exposed and examined for
specified parameters. A separate study of xenobiotic metabolism was also
conducted to determine if the effects observed on hepatic metabolism were due
solely to inhalation or if ingestion of the oil during preening was also a
contributing factor. The subchronic exposure regimen consisted of the same
two exposure concentrations (0.5 and 1.5 mg/L) for 3.5 hr/day, 4 days/wk for

.,#, 13 wk, exposing males only (Phase III Part A). A separate group of animals
/' was held for 4 wk after the 13-wk exposure terminated to determine if effects

might be reversible, latent, or progressive. Control animals were subjected
A to similar exposure conditions but breathea filtered air. The average mass

median aerodynamic diameter (=UA) of the aerosol was 1 to 1.3 Pm with a
geometric standard deviation of 1.5.

Two additional subehronic studies were conducted. In one study, fog oil
smoke concentrations of 0.2 and 0.5 mgIL were used with thp same study regimen
to determine a no-effect level (Phase III Part B). The other compared the
effects of a 3.5-hr/day, 4-day/wk exposure for 13 wk at 1.5 uig/L in male and
female rats (Phase III Part C).

Numerotis biological parameters were investigated to determine the health
10 effects of exposure to the fog oil smoke. The pulmonary parameters included

AM 4 histopathilogy, pulmonary function, cardiovascular physiology, pulmonary
edema, aud pulmonary cell differentials. Systemic parameters included
histopathology, behivioral response, clinical chemistry, hematology,
immiunology, and xeuobiotic metabolism.

Several effects were observed after 4 wk of exposure. A significant
increase in lutig wet woe4'&t and 1avigte fluid protein s gicezted the presence oi
edema in the Wangs of a i-ý xiposed to 1.5-wg/L fog oil smoke for 4 wk. the

_-T ~~~increase observed in iu,., ..y .- igt after 4 wk may be expldinted 6y the
hypecrellut~arity (i.e. , itiflt' of avierophage5 Aand polymortunucterr
loukocytces) ob.-erved in the~ie sitftc janifatl. These phAgocytiQ cells 4rc ktiuuw
to play 4a ttaprutan roleC itt the iairtmi~story rtsponiczi oi who luag:;

~)5ente *nayzi~of the.-; 4aifd-abr .3bjo evcvldd a taultii~c.2 p PtLV=0ttt,. tti
r4ts~ expz_-d t~u thr- htgh -,t. ,rattrtoA toe 's wk. Lung voutftrti. lung~
%comitance, ittd Atitlatftbutlton were flt a 4ctrd by fjg Ult srtauke



exposure; however, end expiratory volume (EEV) increased, indicating an
inflammatory response. We suspect that the increased EEV allowed the rats to
ventilate the lung more efficiently with each breath, preventing a decrease in
diffusing capacity and maintaining gas-exchange homeostasis. Of the
parameters investigated that relate to xenobiotic metabolism, only
zoxazolamine-induced paralysis time was significantly affected. This
parameter, like pentobarbitol-induced sleeping time, is related to metabolism
by the cytochrome P450 system, and thus the concentration-related decrease of
paralysis time may indicate an induction of a specific isoenzyme of the
hepatic cytochrome P450 system, an effect that is consistent with the
polycyclic hydrocarbon content of the fog oil smoke.

Immediately following the 13-wk exposures, we observed effects similar to
those following the 4-wk exposure. A significant increase in lung dry weight

i at both 0.5- and 1.5-mg/L fog oil smoke correlated with a significant
infiltration of alveolar macrophages and polymorphonuclear leukocytes observed
at these concentrations. Additional pathological findings included focal
hemorrhage at 1.5 mg/L and peribronchial lymphoid hyperplasia with multiple

•-1.7 pockets of macropb-pe accumulation in the peribronchial lymph nodes at both
concentrations. 1.he 4-wk study, zoxazolamine-induced paralysis time was
significantly deck_ both concentrations. In addition, aryl hydrocarbon
hydroxylase (AII) ac y significantly increased as fog oil smoke
concentration increasL Because the fog oil smoke did not cause any changes

!CN• in pentobarbital-induced sleeping time or liver cytochrome P450 levels, tht
I correlation between AHH activity and paralysis time further substantiates the

hypothesis that the constituents of the fog oil smoke induced the hepatic
cytochrome P450 system, specifically P1 -450. This induction could have
implications ior drug therapy and metabolism of other foreign compounds by the
liver.

Animals examined after a 4-wk recovery period also showed effects. A
significant increase in lung wet and dry weights was observed after the
1.5-mg/IL exposure. Histopathalogically, animals exposed to 0.5 and 1,5 mg/L
retained the accumulation of alveolar macrophages and exhibited hyperplasia in
peribronchial lymph nodes. In addition, 3 of 10 male animals exposed to
1.5 mg/L exhibited multifocal granulomatous pneumonia. This development of
granulomas after the cessation of exposure suggests 4 progressive lesion.

In Phase III Part B, an atiempt was made to find i no-observable-effect
level. However, even at 0.2 mi/IL fog oil smoke, there was still an observed
increase in alveolar macrophages in the lung, an increase in lavage fluid
protein, an inerease in AM[1 activity, and a decrease in zoxazol4aiue-iuduced
paralysis time. These changes were concentration related.

In Phase III Part C, the response of male rats was compared to the
response of female rats After exposure to 1.5 mg/L fog oil smoke. Thr.
rpeonse of both sexes wA,. similar i direction (increase or deeres) but not
ueccssarily similar in magnitude. ilovover, when all the p4&'4mettoC' assessd
we-'-re evaluated, aithor geadcr 4,pe.rrd to bv morv.. sensitive than the other.



In conclusion, 4-wk subacute arid 13-wk subchronic inhalation exposures to
fog oil smoke appear to cause an inflammatory response in the lungs of adult
male and female rats, yet pulmonary function and gas exchange are not
compromised. Fowever, formation of granulomas appears to be progressive after
cessation of euposure. Significant systemic effects were evident in the
alteration of hepatic zoxazolamine-induced paralysis time and AHR activity,
suggesting a compromised xenobiotic metabolism system.
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FOREWORD

Technical support services for this study were provided by Northrop
Services, Inc., under U.S. Environmental Protectiori Agency (USEPA) Contract
No. 68-02-2566 from September 1981 through June 1983 and No. 68-02-4032 from
July 1983 to present. This work was conducted in response to Section 2 of
Technical Directive 4.4-44 (9/81 to 6/83) and Technical Directives 4.1.2,
4.4.2, 4.5.2, 4.6.2, 4.7.2, and 4.8.2 (7/83 to 9/86). Histopathology support
services were provided by Experimental Pathology Laboratories, Inc.

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals," prepared by
the Committee on Care and 'Ise of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research Council (DUEW Publication
No. (NTH) 78-23, Revised 1978).

'4

'4.1

.4 .

4-%



ACKNOWLEDGMENTS

The authors would like to acknowledge the participation of the following
people in the study: L.E. Cole, J.W. Cook, K.M. Crissman, M.J. Daniels,
R. Gluck, J.A. Graham, G.E. Hatch, J.W. Illing, F.J. liller, J. Norwood,
A. Ralston, and M.J. Wiester (Toxicology Branch, USE:''.); M.E. Beaman, E.G.
Charlet, L.Y. Cooper, L.B. Fuller, M.E. Hiteshew, R.H. Jaskot, E.R. Lappi,
J. McLamb, J.H. Richards, V. Sills, M.A. Stevens, J.S. Tepper, and L.C.
Walsh III (Northrop Services, Inc.); J. Hardisty (Experimental Pathology
Laboratories, inc.); and K. Lorking and J. Windsor, Jr. (Florida Institute of
Technology).

The authors would also like to thank Dr. Mary Hlenry for her valuable
contributions to the project.

N-i

"V1.



TA11LE OF CONTENTS

page

EXECUTIVE SUMlMARY .......................... 1
FOREWORD . ............ ............. ............................. 4
ACK&IC.o )'•T H NTS . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
LST u#F FTrURES . . . . . . . . . . . . . . . . . . . . . . . . . . . 81,3i5T O" TARLL.1 . . . . . . . . . . . I. . . . . . . . . . . . . .. . 13

1TRODUC i . . . . . . . . . . . . . . . . . . . . . . . . . 14

ME.THODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 14

Facility Description .. .... .. .. ... .. ... ... . 14
E.Vosure Conditions . ... ... .. .. ..... .... .. . 15

Phase I - Mortality Studies ................. 15
Preliminary Tests ..... 15
Lethal Concentration, Median (LC5 0 ) Studies .... ....... 15

Phase II - Subacute Range-Finding Studies ...... .......... 17
Animals . ......... ......................... .... 17
Experimental Design - Study A .... .............. .... 17

-J Experime-tal Design - Study B ..... .............. .... 17
Phase III - Subchronic Studies ..... ............. .... 17

Experimental Desigu......... 17Eze'etl eii............................1
Part A ....... ... ....................... .... 17
Part B .......... ....................... .... 18
Part C ............... ... ....................... is

Statistt.cal An.lysis ............... ..... ........................ 18
LC50 St-dies .. ............. ........... ............... .......... s
Phase Il and III Studies ......... .................... .... 18

Biotogical Parameters ...... ....... ... ........................ 19
Body Weight ................ ........................... .... 19
Ilistopathology ............... ......................... .... 19
Pulmonary Physiology ............... ... ...................... 21

• Pulmonary Edema . ...... 1Pumnr d •:......................................2
Pulmonary Cells . . . . . . . . . . . . . . . . . . . . . .. . 21
Cardiopulmonary Physiology ................... 21
Bethavioral Response .......... ....................... . . . .. 1!
Clinical Chemis-ty ................. ....................... 21

Hematology ............... .......................... 22
". . ..o .og. ...... ............. ............. ....... 22
xeQobi•uic ft t4o5m............. .....................

.... .. •. . ........ .•.•. .... .. .... 23

. ..... ..................

ctrttý:Ic Siý: N:)ri butztj. And Epoature Coa.M:rnt~tti....

A 9



Biology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Phase I . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Moctality Studies . .. ... .. ... .. ... ... . 26
LCSo Studies ............ ..... ....................... 27

%X Preliminary Mortality Studies for Phase II ........... 35
Phase Ii - Subacute Range-Finding Studies ................ 40

Body Weight ........................................ 40
Histopathology ..... ........................... 42
Pulmonary Physiology ........ ................... .... 44
Cardiopulmonary Physiology ... .......... ... . 50
Pulmonary Edema ....... .................. . 51

•.• Pulmonary Cells .. . . . . . . . . . . . . . . . . . . 53Pumnr Cls...............................5

Behavioral Response ....... .................. 58
Clinical Chemistry .......... ............... .. 58
Hematology ............. ........................ .... 60
Xenobiotic Metabolism ............................... 63
Immunology ....... ....................... 72

Phase III - Subchronic Studies........................... 78arA.................................. 78• ,Part A . . . . . . . . . . . . . . . . . . . . . . . . . . 78

Histopathology ..... ........................ 78
Pulmonary Physiology ............ ................. 35
Pulmonary Edema ................................. 88
Clinical Chemistry ........ .................. ... 88
Xenobiotic Metabolism ........................... 88
Immunology ................. ...................... 90

Part B .............. ......................... .... 95
4 Histopathology ......... ................... .... 96
Pulmonary Physiology ..... ................ .... 96
Pulmonary Edema ........ ................... .... 100
"Pulmonary Cells ........ ................... . ... 101
Hematology ...... ..................... 101
Xeuobiotic Metabolism ...... ................ .... 101

Part C . . . . . . . . . . . . . . . . . . . . . . . . . 103
flistopa thology . . . . . . . . . . . . .. . . . . . 105
Pulmonary Physiology ....... ................ ... 105
P. • ulmona~ry Edema 0* Pulmonary Cells ........ ................... .... 109
Hematology .............................. ... 1.09

Xvaobioto.i Met4bolism ...... ................ . ... 109

DISC1JSSION ....

V-,'

.7~



LIST OF FIGURES

Page

1. Typical HPLC Chromatogram of Fog Oil Sample ....... .......... 25

.4 2. Comparison of the Chemical Homogeneity of the 4 Fog Oil Smoke
Chambers During the 4-wk Exposures ..... ............... .... 25

.', 3. Observed Death Rates Pooled Over Sex for the Mortality Study 29

4. Observed Deaths by Gender After Fog Oil Smoke Exposure ..... 30

5. Fit of Multiple Logistic Model (Equation 3) to Mortality Data 32

6. Total Weight Gain in Males and Females Over 4-wk Exposure . . . 37
V.

7. Comparison of Weight Changes Over 4 wk by Sex ... ......... ... 38

8. Change in Weight Over the Last 3 wk of Exposure Comparing
Modular (0D) and Whole-Body (WB) Groups .... ............ ... 39

9. Body Weight Changes Over 4 wk by Exposure Frequency and
Time ....................... .............................. 41

10. Weight Change Over the Entire 4-wk Study .... ............ ... 42

11. Effect of 4-wk Exposure to Fog Oil Smoke on Lung Wet Weight 45

12. Effect of 4-wk Exposure to Fog Oil Smoke on Lung Dry Weight 45

13. Effect of 4-wk Exposure to Fog OtMl Smoke oa End Expiratory
Volume (iEV) .............. .......................... 46

14. Effect of 4-wk Exposure to Fog Oil Smoke ou Vital Capacity . . . 46

15. Effect of 4-wk Exposure to Fog Oil Smoke on Total Lutg
Capacity (TLC) .............. ......................... .... 47

16. Eff,'cet of 4-wk ".poSura to Fog Oil Smoke ou Cowpliace. . ..... 47

17. Effect of 4-wk Exposure to ýog Oil Smoke ou Nitrogen (Na)
Washout Slope ........................................... 48

--8. Effect of 4-vk Exposure to Fog Oil Smoke on Nitrogeu Washout

Slope Ccrecetcd for EEV (CEVS1V) ........ .. .. .. .........

19. Effect of 4-wk Expozurc to Fog Oil Smoke ou Diffu-tan Cjpacity
"(UL . ..... .......................................... . . 9

"-4.I"

-- , .



LITOFFGUE (ot

V. 9~

20 oldRpiaeEfc f4-kEpsr oFgOlSoeo

Lu g W t a d D y W i h s . . . . . . . . . . . . . . . . . . . . 5

20. Pooled Replicate Effect of 4-wk Exposure to Fog Oil Smoke o
I ALung Wet a. . Dry. We t. ............. ........ .. .. .. .. ......... 50

221. Poe elc Effects of 4-wk Exposure to Fog Oil SmokeonLvgFli

23. Subacute Effects of Fog Oil Smoke on Total Cells, Percent
Viability, and Percent Macrophages. .. .......................... 55

24. Subacute Effects of Fog Oil Smoke on Percent PMNs, Percent
Lymphocytes, and Percent Easinophils. .. ........................ 56

25. Replicate Pulmonary Cell Response to 4-wk Fog Oil Smoke
Exposure on Percent PM~s, Percent Viability, Percent
Macrophages, and Percent Lymphocytes. .. ........................ 57

26. Effects of 4-wký Fog Oil Smoke Exposure on Rat Behavior as.4Measured Wdith a Figure-Eight Maze .. ............................59
27. Effects of 4-wk Fog Oil Smoke Exposure on Serum Albumin., Total

BiIlirubin, Cholesterol, and Inorganic Phospbor~s by Repl.icate .61

- ~28. Effects of 4-wk Fog Oil Smoke Erposure on Serum Cholinesterase,
Leuciae Aminopeptidase, and Total Protein by Replicate.......62

2 9 Effect of 4-wk Fog Oil Smoke Exposure on Mean Corpuscular
Volbtme (MCV), Mean Corpuscular Hlemoglobin (MCII), and Red
Slaod Cell Count (RBC) by Replicate .. ...........................64

30. Effect of 4-wk Fog Oil Smoke Exposure on Percent Hematocits
Hemtoglobin, and White Blood Cell Count (W8C) by Replicate . . . . 65

31. Effect of 4-wk Fog Oil StocEpsr n etbria

Me t4boIi am . .. ...................... ..........................66

32. Effect of 4-wk Fog Oil Smoke Exposu~re onll tia-nue
Sleetsing Time by Rpliate . .. ........... ........... ........... 6

33. Effect of 4--4ik Fog Oil Smoke Expozur onff Zoaa Ue

34. ect f 4-k Fo Oil stftokc E:xPtsurv oft Xetlo.Lott
by Rvpltc~tv. A. r4y~Timr; b. AAHI Aýýtivty. .......7



A4

LIST OF FIGURES (Cont.)

35. Comparison of Whole-Body and Nose-Only Exposure Methods on
Paralysis Time .......... ... ......................... .... 71

36. Effect of 4-wk Fog Oil Smoke Exposure on NK Cell Cytolytic
Activity .......... ....................................... 72

37. NK Cell Cytolytic Activity for the Different Exposure GroupsExpressed as Log of Effector-to-Target Cell Ratio . . ....... 7

38. Effect of 4-wk Exposure on Response of the Spleen Cells to
PHA, Con A, and PWM ........... ....... ...................... 74

39. Effect of 4-wk Exposure on Response of Peripheral Blood to
PRA, Con A, and PWM ......... ..... ...................... 75

40. Response of Spleen Cells to PIHA, Con A, and PWM by Replicate
after 4 wk of Exposure ............ ............. ........... 76

41. Response of Peripheral Blood to PRA, Con A, and PWM by
V, Replicate after 4 wk of Exposure .... ................

42. Response of NK Cell Cytolytic Activi•y by Replicate after 4 wk

of Exposure ............ ... ........................... ... 79

43. Effects of 4-wk Fog Oil Smoke Exposure on NK Cell Cytolytic

Activity Expressed as Effector-to-Tarpet Cell Ratio ... ...... 80

44. Effect of Subchranic 13-wk Exposure and 4-wk Recovery Period
on Body and Tissue Weights .......... .................... 83

4-;. Effect of Subchronic 13-wk Exposure and 4-wk Recovery Period
ov Tissue-to-Body Weig•t Ratios . .. .......... ............... . 4

46, Effect of Subehronic 13-wk Exposure and a 4-wk Recovery Period
on LuuS Dry Weight±, Lutig Wet Weights, 4nd UEV. .. .............. 86

'47. Effect of Subi-c-oaic 13-wk Exposure dnd a 4-wk Recovery Period
ou Nitrogen Wawhouýt Slope (N2 -SL-P), t-ogeu Washout Siopv
Corrected for EEV (CEVLP), D1co, TLC, Vital Capacity.
4ad Comp tiauce .. . . . . . . . . . . . . . . . .. . . 87

48. Ef~tvet of Subehroate 13-w. Expo!sure 4ad 4 4-wk Racovery Porid
on it.al4gv Flutd Protei . . . . . . . . . . . . . . . . . .. . 86

49 4fec of Subchzruai 11-wk _xu.;uec iad 4 4-4 Rcc uvv ry F~e t j

o_ " '+ l tu ." a 4w4 . . . .. .... . . . . . . ... ... .. . ..



LIST OF FIGURES (Cont.)

50. Effect of Subchronic 13-wk Exposure and a 4-wk Recovery Period
on Paralysis Time, AfII Activity, and Cytochrome P450 ...... ... 91

51. Splenic Lymphocyte Response to PHA, Con A, and PWM after a
Subchronic 13-wk Exposure and a 4-wk Recovery Period ...... ... 92

52. Peripheral Blood Cell Response to PHA, Con A, and PWM after a
Subchronic 13-wk Exposure and a 4-wk Recovery Period ...... ... 93

53. Response of NK Cell Cytolytic Activity after a Subchronic 13-wk
Exposure and a 4-wk Recovery Period ..... .............. ... 94

54. Concentration-Response after Subchroaic 13-wk Exposure on
Body Weight, Lung Dry Weight, and Lung Wet Weight ......... ... 97

55. Concentration-Response after Subchronic !3-wx Exposure on EEV,
N2 -SLP, and CEVSLP ............ ....................... .... 98

X", 54. Concentration-Response after Subchronic 13-wk Exposure on
DLco, TLC, Vital Capacity, and Compliance ... ........... ... 99

57. Concentration-Response after Subchronic 13-wk Exposure on
Lavage Fluid Protein and Volume of Lavage Fluid Recovered . . . 100

58. Cncentration-Response after Subchronic 13-wk Exposure in
Percent Viability, Percent Macrophages, Percent PMNs and

- Peccent Lymphocytes ........... ............. ............... 102

59. Conc.Aitration-Response after Subchronic 13-wk Exposure on
Paralysis Time and Mill Activity ............. ................ 103

60. Coonf4rson of Fetuale-Male Response to Suhchronic Exposure on
Body Weigbt, Lung Dry Weight, aud Lung Wet Wctjght.. . ........ 106

61. Comparison of Fefule-,ale Responase to Subchreoic Exposure on
'.rV' N -SL?, 4"t CEVSLP 017

6Z, Com•i:rison of Fetle-rVa½ Rieponie to Subhr•ouic Expos4ure on
•:DL iLC. Vital Capacity, 4P4 Lom-iianc. ............. ..

63. Coaz-ariion of Fetmale-Male R-ipontte t.o Subchrotac Ex-posuret
on Lav~ge F ~~ Prtta u d Voltuar.. ............................. 110

'I.. 'il oj' Fscie-.4. le pomn~iv to Subchoi Expoj? -wre in[• PW-:*eett Tijttl Ccll!ý F~terr at, •pa Percent -N•Atd

SPet4cent Lymhocyt-. ........ ........................

" a..



LIST OF FIGURES (Cont.)

65. Comparison of Female-Hale Response to Subchronic Exposure
"on MCV, MCH, Percent Mean Corpuscular Hemoglobin Concentration
(MCHC), and Percent Hematocrit ......... ................. ... 112

66. Comparison of Female-Male Response to Subchronic Exposure on
RBC, WBC, and Hemoglobin ........... .................... ... 113

67. Comparison of Female-Male Response to Subchronic Exposure on
Paralysis Time, AIH Activity, and Cytochrome P450 .. ....... .. 114

'IN.

II '

is.



LIST OF TABLES

1. Eposure Cofcentrations for the Mortality Studies ....... 16

2. Biological Parameters Measured in Fog Oil Smoke Studies . . .. 24

3. Particle Sizing and Exposure Concentrations per Fog Oil Smoke
Chamber for Phases II and III ...... ................. .... 26

4. Mortality Data from LCSO Studies ................ 28

5. Likelihood Ratio Tests of Contributions of Effects Using
Multiple Probit and Logit Models .. .. ....... . .................31

6. Estimates of Concentrations Corresponding to 10 to 50%
Mortality after 3.5-hr Exposure to Fog Oil Smoke ..... ........ 33

7. Effects of a Single Exposure to Fog Oil Smoke ... ......... ... 34

8. Mortality Results of Concentration x Time Study ... ........ ... 36

9. Effect of Fog Oil Smoke Exposure on Animal Weight .. .. .. ....... 36

10. Histopathology of Phase II - Subacute Range-Finding Studies 43

11. Effect of Frequency of Fog Oil Smoke Exposure on Clinical
Chemistry Parimeters ....... ...................... .... 60

0 12. Univariate Results of Hematology Parameters ... .......... ... 63

13. Summary of Phase II - Subacute Range-Fiading Studies .... ...... 81

14. Su=ary of Phase III- Subchrouic Study: Part A ........... ... 95

15. S•t= ry of Phase III- Subehrouic Study: Part B ........... ... 104

16. Summary of Phase II - Subchrouic Study: Part C ........... 115

13



* INTRODUCTION

Chemical smokes/obscurants are used by the military to conceal personnel,
materiel, or installations from direct visual observation. The smoke from a
petroleum distillate product is generated by injecting a light lubricating oil
(SGF-2) into a heated engine exhaust manifold where it vaporizes and
eventually recondenses in the atmosphere. Army personnel may be exposed to

"4 ~this chemical smoke when it is released into the environment in training or
combat operations. Because this petroleum smoke is a large area screening
obscuraat, the duration of exposure is usually hours within a single day, arid
exposures may be repeated over consecutive days. Evaluation of the potential
hazards posed by this smoke to human health is a necessary portion of the data
base required to establish comprehensive health criteria for the field use of
smokes arnd obscurants.

METHODS

FACILITY DESCRIPTION

A detailed description of the, exposure facility has been previously
published (Inhalation Toxicology of Fog Oil Obscurant Phase I: Inhalation

* , Exposure Facility DTIC AD No. A144875). The exposure facility consisted of a
600-ft2 exposure facility, a 160-ft2 pre-exposure animal room (700 rat
capacity) and a 200-ft2 postexposure animal holding room (900 rat capacity).
Six 27- x 27-in, stainless steel Rochester-type exposure chambers were

* installed in the exposure facility. Chamber air was drawn from room air
filtered through chemical, bacteriological, arid radiological filters.

The fog oil smoke generation and exhaust systems were based on tIbe design
developed at Oak Ridge National Laboratories (ORNL) under Interagency
Agreement DOE No. 40-1016-70 with the modifications mentioned below. Each
exposure chamber had its own generatioct and exhaust ftltration system to allow
maximum flexibility of chamber control and minimal disruption of exposure
schedules.

The exposure facility provided automatic or manual (local servo) control
of the fog oil smoke concentration in the exposure chamber. Automatic control,
significantly reduced operator time, increased exposure stability aud provided
accurate and rapid data processing. ReaL-time aerosol taonitors
(GCA/Favi roztmen til Instrtuments Mlodel RAM-i, iniedford, M.A) provided real-tim-e
concentration monitoring as well as the signal for autom;)tic: control. The
"RA-Is were calibrated for the aerosol exposure by comparing the RAM-I valuqesý
to gravimetrically 4nalyzed filter stamples, thus cotvettitlK the ý;A -1 ~ie
to ! mass coucentratiuti. The calIbration curve enAbled the COPt'<t" V

*control the tfass concentrastt otain the ehtambec by vary ing the flow rate olýth
aevritag pump itIjcCPngI the- fog utl 3mokc ttatu the yrca im
heatrr. Ftlter s:u4ipleý wvrc ubtained ind Aiialyýrd yvmtiayL'

dC tet M I U t hV abtidut 1 ti0CUA UtrCa4t in 13U4 t 0 rV4 I I.



Tests were conducted to verify the stability of the aerosol generation and
delivery system and the homogeneity of aerosol distribution within the
chambers.

A study was conducted to determine the feasibility of applying an
analytical chemical method for the routine chemical characterization of the

• yV."SGF-2, lubricating oil and fog oil smoke. The major conclusion of the study
was that the method proposed for chemical characterization of the fog oil
using high performance liquid chromatography (HPLC) separations with
subsequent gas chromatography analysis yielded little useful information and
"was extremely time consuming. Therefore, it was not feasible to use this
technique for routine chemical characterization of the fog oils being used in
these inhalation studies.

An alternative technique using an 11PLC separation technique with
monitoring at 254 am was recommended. Separations of fog oil by HPLC
techniques are reproducible for aromatic and semipolar fractions. By
selecting 10 points on the absorbance curves, quantitative monitoring of the
chemical nature of the fog oil, aerosol, and vapors could be accomplished. It
was decided that EPA would take duplicate filter samples and ship one set to
ORNL for analysis and characterization. USEPA is, therefore, not responsible
for this data.

EXPOSURE CONDITIONS

All exposures were conducted according to methods described report DTIC AD
No. A144875. Two quality control filter samples per exposure, per chamber per
day were collected and weighed. The first sample was used to verify the
accuracy of electronic concentration monitors. The second sample was archived
for subsequent chemical analysis.

Phase I - Subacute Mortality Studies

tPreliminary Tests

Eighty CD rats (Charles River Breeding Laboratories, Kingston, NY),
4 groups of 10 males and 10 females per group, were exposed for 6.0 hr to
11.0, 5.0, 1.0, or 0.1 mg/L of fog oil smoke, respectively. Fifty rats, five
groups of five male and five female rats per group, were also exposed to 6.1,
3.4, or 2.0 m&IL for 4.0 hr; 5.3 ms/L for 3.5 hr; or 3.2 mriL for 2.0 hr,
respectively. In addition, 10 female rats were exposed to 9.8 mg/L for
2.0 hr.

Uethal _______zuMei~ Mo Studies

Tat co~itain hoseu to be 4dtainistered for oach exposure timo a'pecr
in ~bl I.The3elmot e,ý-1votecaratoti 4t6.0 hri wd5 bas~ed ott the

jjelmaý-;y mortalitv 2itudy dbt4. Hecauso it wa.- our uuderstAndiug that the
Ce5acttnttiotis to o exV kstar~ period ittould atteiftpt to briekrt the

~inrab~y ~to& tho 1050 r~ag-C the~ upprLe 99% eantttlncel Ittiit. for
th'i 6.0-hr euxpvtare. ior t$. g/li, V' choziou as the higheot Ct t.ainto
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TABLE 1. EXPOSURE CONCENTRATIONS FOR THE
mo0)UALITY STUDIES

Exposure Concentration (mg/L)
Time (hr) Targeted Actual

2.0 0.54 0.54
4. 3.80 3.90

5.26 5.30
7.27 7.20
7.27 7.64
8.00 8.02

11.00 11.54

3.5 0.34 0.33
2.37 2.43
4.54 4.28
4.54 4.63
6.00 5.92
8.70 8.88

6.0 0.77 0.80
1.07 1.13
1.48 1.46
2.05 2.00
2.84 2.82

be administered for the 6.0-hr exposure period. The lower concentration l.imit
for the 6.0-hr duration was :ho3.en as 0.77 mg/L. The maximum and minimum
concentrations for the 2-hr 1-xposure period were based on relative potency
estimates obtained from the )RNI. data. Probit analysis on the ORNL data
indicated that a model with a cctamou slope but different intercepts was
reasonable. The relative potency based on this model for 6.0 hr, as compared
to 2.0 hr for the effective ccncentration-median (EC50 ), was approximately
2.56. Thus, the highest concentration selected for 2.0 hr was 2.56 x 2.84 =
7.27 mg/IL. The lowest cotcentcration selected for 2.0 hr was 2.56 x 0.21

* .0.54 mg/L. Due to low morta!,ty rates of animals observed within 2 days after
the first eposures 3t 2.0 and 335 hr, subsequent concentrations for these
exposure durations were increased substantially over those originally proposed
to ensure that we at least t-racketed the EC,=o for these timei. Two-hour
concentrations ranged ffom (1-54 to 11.54 mg/L; 3.5-hr exposures ranged from
0.33 to 8.88 mg/L. Also. the lowest targeted coneentrotiou for the e.0-hr

. "'4.'" ~exposure was raised from 0 ;i to 0.77 mg/L, givcu the low (uct•ality at thr
other two opu:ýure tintes on irhe firs.t two expatzre ilay-. 'Thus-. the trgetedconceatraition at 6.0 hr -et l. ,th4aitmcily sp4ced betveeu 0.77 mKIL 4atd the

originally proposo4 &84 m



Phase II - Subacute Range-Finding Studies

Animals

Male CD rats (Charles River Breeding Laboratories, Kingston, W) were used
-. , throughout Phases II and III of this study except for immunology parameters

that required inbred (Fischer 344) rats (same sex and source). Rats were
received at approximately 60 days of age, and quarantined for at least 4 days.
At the time exposures began, animals were 64-72 days old and weighed
approximately 300 g.

x Experimental Design - Study A

A completely randomized design included three factors, fog oil smoke
concentration, exposure duration, and weekly frequency of exposure, in a
3 x 2 x 2 arrangement. The following definitions apply: concentration levels

; It(Ci = 1.5 mg/L, C2 = 0.5 mg/L, A = Air); exposure duration (TI = 3.5 hr/day,
T2 70 min/day); weekly frequency (F1 = 4 consecutive days/wk,

* F2 = 2 consecutive days/wk. C1 and C2 were chosen because 0.5 mg/L was the
lowest exposure concentration that could be achieved without making

-' time-consuming alterations in the exposure facility, and 1.5 mg/L was the
upper limit without risk of mortality and large weight differences between
control and exposed animals. T, and T2 were chosen because 3.5 hr/day was the
longest time period without risk of mortality at 1.5 mg/L and 70 min is a log
spacing below 2.0 hr. The weekly frequencies were chosen to simulate possible
troop exposures. The total number of rats needed per treatment group was less
for parameters for which more animals could be handled i, a single day. The
exposure regimen allowed for at least N-12 degrees of freedom with which to
estimate experimental error when N is the total number of anim•', . to
investigate a particular end point.

Experimental Design - Study B

Study B was designed to determine the contribution of oral exposure to fog
oil smoke received by preening following the whole-body inhalation exposure.
A 2 x 2 factorial %rrangemetnt of a completely raudomized design was used.
Filtered air and .5 mg/L fog oil smoke were 4miniute.'ed to animals both iathe nose-only and whole-body modes.

Phase III - Subchrouic Study

Eperimeutal tiesigu

Part A

Foi each of tvo cepo.sure coaccatr~taft~o level (0.5 4ad 1.5 tag/L) .i±a.
filcr~dAir, a0 mtc~~ rats were rxpý,,d 1.5 !ir!day, * 4 yt/wk fur 11 wk. H411

V ., of the a4timlza i each expoiure group were used to evaluate biolutical

p~rtcra ott the Jiy aftcr the !iiz rpauer. Thoe t4ig hlf wr-!v

NN C~~V41u~atLcc Uk 4t~tc the l4azt V PUat4u 'e to ra c %ý vr



Part B

For each exposure concentration (0.2 and 0.5 mg/L) and filtered air,
40 male rats were exposed 3.5 hr/day, 4 days/wk, for 13 wk. Selected
biological parameters were evaluated on the day after the last exposure.

Part C

Forty male and forty female rats wer, exposed to filtered air and 1.5 mg/L
fog oil smoke, 3.5 hr/day, for 13 wk. Selected biologizal parameters were
evaluated on the day after the last exposure.

A STATISTICAL ANALYSIS

LCQ tdies

4-A Probit analysis (Finney, 1971) and logit analysis were used to analyze

binary response data generated from data tested at various concentration
levels. The probability of a subject responding at concentration X is
described as

P 0 + x) (1)

where

unit normal or logistic cumulative distribution function,
X concentration or log concentration,
00 ~ the intercept, and
01 the slope of the probit or logit regression line.

The analysis of probits or logits involving linear combinations of more than
one iadependeat variable means that Equation I can be jxteaded to

a

where the X.s -ay eoatin,,ous or classification (dummy) variables or
interactions between vaeiahles. Thut, -te model given by Equation 2 was used
within either an analysis of variance (ANOVA) or a atitple regression
framework. Tests of the various model terms wr- perfortie4 by examining
chi-square (X2) -tAtistic3 derived from likelihoou ratios ovfte4 by fitticgreduced models. Model parameters were esti•a•ed using ximu- 1ielibý00

Sh•o II and Phase Ill studies

for ead Point. ia which twr thad oftt !btaogtel prameter V4:i ftWýUrcd'
both utit rivat 4ud multivariate ANOVA odels wre ft to the dat4a.
Proidt~iA-Y 4tt4lyýýt~ tif lck.h Po t~t .4rt4ble exci~tttd hofutratity t'~

SVai4rinCr 4M~hf, ýhV Vft4 tr.;a4Uft~ttý rr tUwi -3t' UW U ity of ANON i ~Q.Ic
rvidAl• I a~o tthe Ut ve tuhat rtthor ot the hovo ASOVA a yopt • O$ wla:
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strongly violated, analysis of a mathematically transformed variable or
analysis by nonparametric methods was considered. When there was no evidence
of an interaction betweer, the two factors of interest (i.e., fog oil smoke
concentration and either exposure duration, time, or sex), main effects were
examined for statistical significance. In addition, for each variable, a
series of contrasts testing the control (air) group mean versus each fog oil
smoke concentration mean at each level of the second factor (time, duration,
or sex) was used. Significant interactions were explored through post hoc
examination of standardized differences of least square means involved
(subtests, t tests, and post hoc t tests refer to this).

One of the objectives of Phase III Part B (fog oil smoke exposures at 0.2
and 0.5 mg/L, and filtered air) was to add another concentration to the
existing 13-wk data for these parameters and then to determine the lowest
observable effect level. This involves pooling data from two studies. For
end points whose study represented a replicate (REP) of the original study, it
was first determined if the responses at the two concentratioas (CONC) shared
by animals in the first replicate (i.e., filtered air and 0.5 mg/L) were
similar. This was accomplished by looking at a two-way ANOVA model with REP
at two levels and CONC at two levels. If there appeared to be either a
sizable REP by CONC interaction or a REP main effect. the data from the two
groups were not pooled. A two-sided Williams' test was then applied to each
replicate. If no effects involving REP were significant, .then data from the
two replicates were combined, and Williams' test was applied to Ehe combined
data. Only in the latter case were responses at 0.2 m&/L compared with those
at 1.5 m&iL.

Vt A two-way ANOVA model was fit to the data generated in the study comparing
sexes. The model included terms to test for the interaction of gender and fog
oil smoke concentrations, as well as their main effects. When multiple
responses per animal were present, an analogous multivariate ANOVA model was
fit to data to test for multidimensional effects prior to examining any
univa-iate responses. Significance probabilities associated with each set of
the above contrasts were adjusted so an overall Type I error rate of 5% was
not exceeded. Multiple comparisons were adjusted for usiug the Uouferroai
corrLction factor.

BIOLOGICAL PARAAETERS

¾ ~ " BodyWight

All animals were weighed beofore the first expogure and after the last
exposure. It addition, 10 animals per trodatmnt group were solected at r*atlom
from among those to be ugcd for the biobogicat paraeters. These a4imals were
wighed bfore to firzst exposure v4ch week and 4fter the 144t eepozurv ocah

taclwd4e thoextdrtlit e0A-Z=4t),t% ot f the v4rauý f-Jf Ir5tio QW1. the

4,N
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examination and fixation of the following tissues in 10% neutral buffered
formalin except those indicated for which Bouin's fixative was used.

Brain' Liver 3

Pituitary Thigi muscle
0 Eyes Spleen

Spinal cord Prostate
Salivary glands Adrenals
Mandibular lymph node Cecum
Peripheral nerve (Sciatic) Colon
Urinary bladder Pancreas
Nasal cavity and turbinates Tongue
Thyroid Stomach
Parathyroid Duodenum
Thymus Jejunum
Trachea Ileum
Esophagus Skin
Epididymides Testesa,b
Lung" aMammary gland
Heart Sternebrae containing bone marrow
Aorta Kidneysa

, Ovariez Seminal vesicles
Uterus hesenteric lymph node

All tissues were examined in situ, dissected from the carcass, trimmed,
weighed, and reexamined before fixation. Tissue samples for fixation did not
exceed a thickness of 0.5 cm. Lungs were fixed in their entirety after being
reinflated with formalin fixative .under 25- to 30-cm water pressure. The
calvarium, was removed and the brain freod and weighed. Then the entire skull

A including the nasal cavity (turbinates) and pituitary gland was placed in
fi.xative.

The following tissues were sectioned and stained with hmatoxylia and
cosin using routine htopathologic procedures:

Gross lesinos Heart
Duodeatu- Stomach
Liver Lary•x
TestesfEpididywides Trachea (Distal)
Lungs (Two sections. left lobe Kidneys

and right diaphragtutic lobe) Eyes
1Naal cavity and turbinates Skin (Oid-dors4l regiou)

(Three SOPAZ44stc ious) Peibruchial lytip uodcu

N.
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Pulmonary Physiology

The animals were anesthetized with sodium pentobarbital (50 mg/kg
Nembutal), tracheostomized, and the following measurements performed: lung
volumes, compliance (quasi-static pressure volume), diffusing capacity (DLo),
distribution of ventilation (N2 washout), and lung wet and dry weights. Tfese
procedures are covered by "Pulmonary Function Evaluation in Small Laboratory
Animals" and "Analysis of Respiratory Gas Samples by Gas Chromatography"
(SOP JT-ol-oo).

Pulmonary Edema

Animals were anesthesized with Nembutal (50 mg/kg) and lungs were lavag?!d
according to SOP GH-07-00, "Obtaining Lavage Fluid from Animals." Samples of
lavage fluid were stored frozets (-20*C) until issayed for total protein
content according to SOP GH-03-O0, "Lowry Protein Assay for Lavage Fluid."

!•!• Pu~lmonary Cells

Animals were aaesthetized with Nembutal (50 mg/kg), intratracheally

injected with Streptococcus sp. Group C, and lungs were lavaged 3U min
0 postinjection. Total and differential cell counts and cell viability were

assayed according to SOP JI-03-Ol.

CardiopulmonarX Physiology

"Rats were an-sthetized with Nembutal (50 mg/kg) and surgically implanted
with a. i.-zvieural or a carotid arterial catheter following the last
exposure. The next day the following were measured: lung weight, lung
volume, blood pressure, electrocardiogram (ECG), and blood pit, pO2, and pCO2 .
Procedures for these measurements in rats are described in SOP JT-O1-0O.
Blood gas analysis was done using a radiometer (Sn 3 4 2) as specified in

'4 the user Panual.

"Behavioral Respouse

Procedures for determining rat activity in a figure-eight maze are
detailed iA the SO0P entitled "Figure-Eight MfAes." The Activit.y of rats i•
tA, m=_e was recorded via eight photodioe pairs mounted ia tbhe maze.

Clidical Chemistrv

'Folloving exposure, tolcd oi aples were collected from the dorsiAl 4orti
iodi•ty •after ce•-vicl dislocation. To ev.lu~te potential target ocwti

TNI to~xicity. the folwiag clintical cttxtstry 4444ys were? pvrforwvae4 eoditta to
Aoctvgs AoataiaLI in thee fchem-L - O( ca.lo

rAt~i• A1y.tfn. .
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Bilirubin (Total) Lactate dehydrogenase (LDH)
Blood urea nitrogen Leucine aminopeptidase
Calcium Phosphate (Inorganic)
Cholinesterase Protein (Total)
Cholesterol Aspartate aminotransferase (SGOT)
Crestine kinase Alanine aminotransferase (SGPT)
Creatinine Triglyceride
Glucose Uric acid

• .The lactate dehydrogenase and triglyceride assays were performed on the
same day the blood samples were collected. The additional serum samples were
stored at -80 0 C, and the remaining analyses were completed the following
workday.
Hematology

Animals were anesthetized with Nembutal (50 mg/kg) and bled from the
aorta. Complete blood count and leukocyte differential tests were performed.

Immunology

Fischer 344 rats (for the 4-wk exposures) and CD rats (for the 13-wk
exposures) were anesthetized with Nembutal (50 mg/kg) and bled from tne aorta,
and spleens were removed. Spleens and peripheral blood from individual rats
were processed, and the response of cells to phytohemagglutinin (PRA),
Concanavalin A (Con A), and pokeweed mitogen (PWM) were assessed according to
SOP MS-13-00, "Scandard Procedures for Mitogea Responsiveness Test for Rats."
The n4tural killer (NK) cell acti.vity of the same spleen cell preparations was
asseased using SOP MS-14-00, "Natural Killer Cell (NK Cell) Assay for Rats."

Xenobiotic Mettbolism

Pentobarbitel-induced sleeping time, cytochrome P450 levels, acyl
hydrocarbon hydroxylase activity (M.41), and zoxazolamine-induced paralysis
time were investigated to determine whether the fog oil smoke affected
xenobiotic metabolism. Rats were given intramuscular injectiond of 25 mg/kg
Nembutal. Time to loss of righting reflex and sleeping time were assayed
according to SOP Ji-02-00. Auimals in a separate group were injected with
S10 mg/kg zoxazolamine and the induction time and paralysis time were assayed
according to SOP JI-02-01. All studies were routintly conducted in an
isolated temperature- (240 ± 1*C) and hu.idity- (46 ± 2%) coutcolled c•v'w to
minimize the influence of temperature on the resultb.

A ssnple of the liver mitcroaomal fraction was obtained according to
SOP EG-02-00. the sample wt then divided into two Aliquots. one for the
.vtochromte P450 assay caýd one ior the ,IMI ajetvvity asay. Cytoehrome P450
leve1 %ere ditwe4rmad 4ecrdtin to the eathoda decrdbed i dctAt a

*" 'O I' gf-OS-00. 3L me w'e.- d:tluted wttb I'M ZHJ.4/1/.4. k.PO. (ph >0)

4ndtt thr Qarbon m e rýn.r)etr ' id lza
CC(~.o dc- doet atd t" dupltc4te ou a C4Vy 4ftropitoae¢r un .a n
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extinction coefficient of 91 cmImM"1  The Mi! assay was done according to
t.ýe methods detailed in the SOP entitled "Radioactive Assay of Benzo(a)pyrene

A (BAP) Monoxygenase (aryl hydrocarbon hydroxylase)." The microsomal sample was
mixed with purified tritiated BAP and other substrates, and incubated
10-30 min at 37 0 C. The reaction was stopped, the sample extracted with
hexane, and aliquots from the upper and lower phases were counted in a liquid

1 scintillation counter to determine the relative amounts of metabolized and
unmetabolized BAP. Appropriate calculations were done to determine the total

p• • moles of BAP metabolized per milligram of microsomal protein.
li': All SOPs are available to the Project Officer or his representative from

the USEPA Toxicology Branch upon request. A summary of the biological

½ 2 parameters measured in Phase II and III appears in Table 2.

S 9 RFSULTS

ENGINEERING

Distribution Studies

14.

Aerosol distribution studies were conducted to determine the distribution
" I of the smoke in each chamber (DTIC AD No. A144875).

In summary, when aerosol was generated in the chambers without animals,
the estimate of the covariate was found to be statistically different from
one. In addition, there were main effect differences from front to back and
from right to left. The maximal difference from any one of these effects was
2.4%, which was well within engineering feasibility constraints. Furthermore,
when the study was repeated with animals using similar concentrations, none of
these differences aere found. The test for the covartate's equality to one
could be rejected. Among the factors, one interaction effect appeared to have
statistical significance, but differences amoug the meaus could not be
detected when subtesting was performed.

34 Chemical Characterization

tour fog oil smoke exposure chambers. A typic chromatogram is shown in

Figure 1. In each chromatogram, the peak heights of 12 major peaks were
sumed. The individual peak heights were then divided by the total of all the

- pezk heights yielding a normalized peak height expressed in percentages for
exch chromatogram. Mean peak heights were then obtained for each exposure

* ==chamber (Figure 2). The results indicated thdt there was a general
hotmogenteity (withift 41) for the ~bmtgasof tht- different eabr. The
gr-rtest d irereac between chdl-r4 ocurred tu ptk4 K 9a d L. Thc
liiroac w4y be duo to the difforce tn fog ol stokc corcottrtiof t. 4

.. v a. 0.5 ml c). B¢• K and L werc mtttur pe.-ks And the dtiorce W4.
idsll. Wr did not nsuder thi to be 4 bt.
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TABLE 2. BIOLOGICAL PARAMETERS MEASURED IN FOG OIL SMOKE STUDIES

Phase III
Parameter Phase II Part A Part B Part C

AM iactivity x X x X

"" • Behavior (Fig. 8 maze) K

Body weight X x X X

Cardiopulmonary X

Clinical chemistry x X

Cytochrome P450 X X x X

4.Edema Kd a x x

Hematology x x X x

Immunology x X

Pathology xa X X x

Pentobarbital-induced
sleeping time x

iPulmonary cells x x x

Pulmouary physiology x x x x

• ' ~Zot•azol1amiae- taduced

patalysis time x x x x

i.p•aud m. es.

545L
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Particle Size Distribution and Exposure Concentration

Parti'cle size was determined for all four chambers during each phase of
the study. The mass median aerodynamic diameter (KMAD), geometric standard
deviation, and the mean exposure concentrations with the standard deviations
for Phases II and III appear in Table 3.

TABLE 3. PARTICLE SIZING AND EXPOSURE CONCLýITRATIONS
PER FOG OIL SMOKE CHAMBER FOR PHASES II AND III

Geometric
Standard Target Actual

Phase Chamber MMAD Deviation Conc.(mg/L) Conc.(mg/L)

aII 1 1.26 ± 0.05 1.46 0.5 0.50 t .01
2 1.04 ± 0.24 1.52 0.5 0.49 ± .01
3 1.02 ± 0.24 1.52 1.5 1.49 ± .03
4 1.16 ±t 0.28 1.49 1.5 1.51 ± .04

IlIA 1 1.18 ± 0.04 1.46 0.50 0.50 ± 0.02
2 1.19 ± 0.07 1.48 0.50 0.51 ± 0.02
"3 1.35 ± 0.06 1.46 1.50 1.50 ± 0.03
4 1.32 ± 0.10 1.45 1.50 1.50 ± 0.02

IIIB 1 0.85 ±0.07 1.66 0.20 0.20 ± 0.01
2 1.08 ± 0.15 1.54 0.50 0.50 ± 0.01

"iXIc 3 1.11 ± 0.06 1.49 1.50 1.50 ± 0.04
4 1.19 - 0.08 1.47 1.50 1.50 ± 0.05

a. heaa 1 standard deviation.

BIOLOGY

Phase I

Mortal£ity Studies

Four groups of 10 m4Ld and 10 female cats eadh were exposed to 11.0, 5.0,

1.0, or 0.1 mg/L of the fog oil smoke for 6.0 hr. Mortality was observed for
14, days postriposure. Mortality obstrvcd at 11.0 !/L. w4s 100%, 95 at 5.0 eg/L,
20% 4t 1.0 m6/1., and 0% 4t 0.1 tax/L. Geozis ooirvAtion of ttssues fro. dead
an at ui cated aevorely horrehkic ttng4 a"d blt'diug from thtfret,• prior
to dc4th.

j*2.



Prior to performing the LCSO studies, several preliminary studies were
completed so that a relevant estimate of concentration could be determined.
Ten female rats were exposed to 9.78 ± 0.76 (SD) mg/L for 2.0 hr. Groups of
five male and five female rats each were exposed for 4.0 hr to 1.95 ±
0.42 mg/L, 3.40 ± 0.33 mg/L, or 6.18 ± 0.67 mg/L. Fifteen female rats
were exposed to 1.01 ± 0.03 mg/L for 6.0 hr, and five male and five female
rats were exposed to 5.28 ± 0.23 mg/L for 3.5 hr or 3.18 ± 0.10 mg/L for
2.0 hr.

ALC5 o Studies

A total of 338 rats (160 males, 178 females) was exposed to various
concentrations of fog oil smoke for either 2.0, 3.5, or 6.0 hr. The 2.0-hr
concentrations ranged from 0.54 to 11.54 mg/I.; 3.5-hr exposures ranged from I
0.33 to 8.88 mg/L, and 6.0-hr exposures ranged from 0.80 to 2.82 mg/L. The
percentages of rats dying by sex, exposure time, and exposure concentration
appear in Table 4. The observed mortality rates for each exposure duration,

pooled over sex, are plotted in Figure 3. The rates for each length of
Sexposure, for each sex, are displayed in Figure 4.

Using the UNIVAC version of Generalized Linear Interactive Modeling
(GLIM), various multiple probit and logit regression models were applied to
the study data. In the form of Equation 2 (see Methods Section), the largest
models included variables for concentration, exposure time, and age, and all
first- aad second-order interactions of these variables. For one set of
analyses, logarithms of all continuous variables were used; the other set
simply used the arithmetic values.

- The general strategy employed in the model-fitting process was to find the
most parsimonious model with respect to model terms that eNplained a
substantial amount of the variation in the rats' mortality rates. By
su.ccessively dropping each interaction term from the model while retain~.ng
main effects and all other interactions of the same or lower- order, chi-square

N statistics derived by comparing the likelihood from the enlarged model to the
Sreduced model were obtained to test for the contribution of each model term.

Tests of main effects were performed only if the effect was uot involved iu a
significant (a 0.05) interaction.

S~ kSuamaries of these tests for both probit and logit models, with and

without usi•g logarithms of continuous type variables, are shown in Table 5.
If only effects that contribute sign•ficautly to form a probability model to

', ~characterize rat mortality are retained, the simplest model that could be fit
to the data Vas a multiple logistic model Containing all overall mean and tarmN
for concentration, exposure time (TI 4, and the iteration of concentration
and exposure time. In the form of Equation 2, this model e!stimates the risk
a rat dyiug, uader the conditias imposed in this txprient, Az
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TABLE 4. MORTALITY DATA FROM LCso STUDIES

Concentration
Time Received %_ Mortality, _
(hr) (mg/L) Ma le Female

2.0 0.54 0 0
S3.90 20 40

,,5.30 0 10

133

7.20a - 3
7.64 10 20
8.02 40 6 0

11.54 100 80

•%<3.5 0.33 00

* o&

2.43 0 20T4.28 A 0  20
S4.63a - 22

5.02 80 90

11.8849 100 8

, 6.o 0.80 0 0

14 .43 0 20

.46. 0 10
62.00 0 0

2.82 60 60

a. These additional tests were done because a failure W the
watering system caused some of the animals in the
7.64-mg/L-2.0-hr group and the 4.28-mg/L-3.5-hr group to be

S •.• incident did aot appear to af'fect the percentage of mortali.ty
II• observed.

P [ -4.41 - (0.131 x CONC) -(0.265 x TinE) (3)
+(0.350 x CoNC x TIME)j,

wh e0reiers to the cumulative logistic fuutictonu

/) 11(1 + (4)

'-V.

=.4 .,lu it • " ; • - • , • . . ° . : ..: ' ' ; ' " "• ' ' ' . • • i .' . • ' . . . 7 . ¢ . , . . - • - • , . • , . - •
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Figure 3. Observe~d de~ath rates pooled over se., .or~ the acute mortality study.

"Iexample, for the 2.0-br exposufe, Equation 3 translates to

4 P = ( -4.94 + (0.569 x CONC)J.

Similarly, for 3.5 hr

0 (-5.34 + (1.09 x COUC)1.

-Ud for 6.0 hr

P 1-6.00 (14 x CONC)].

1 4

- t~i

1 t o

_, -,, .=4 "---------",

i[;- - - P = . - S.-- ,- ', ( .0 . . oTh )1
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TABLE 5. LIKELIHOOD RATIO TESTSa OF CONTRIBUTIONS OF
EfMeCTS USING MULTIPLE PROBIT AND LOGIT MODELS

Model
Probit Losit

Degrees of Lols No. Logs Lols No. Logs
Effect Freedom X X2 X X2

Residual 323 228.7 225.7 227.1 224.3

Dose 1 NTb NT NT NT

. Time 1 NT NT 41.7** NT

Sex 1 2.1 2.5 NT 2.0

Age 1 N'T 0.2 NT 0.1

Dose x time 1 0.0 21.2* 3.4 21.54

Dose x sex 1 3.3 1.5 3.9* 2.5

Dose x age 1 5.3* 3.9* 5.0* 3.1

Time x sex 1 1.1 0.3 1.8 1.1

¾ Time x age 1 3.99* 1.5 3.2 1.0

Sex x age 1 2.0 0.8 2.0 0.5

Dose x time x sex 1 0.1 0.0 0.2 0.0

Dose x time x age 1 0.5 1.3 0.4 1.3

Time x sex x age 1 3.8 0.9 2.9 0.6

Dose X sex x age I 2.6 1.1 2.3 0.8

a. Frca GLIf.

b. Not tested.

Sp > value) < 0.05.

"W > v41uv) < 0.005.

'.3
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The fit of Equation 3 to the observed mortality rates is shown in
Figure 5. Estimates of the concentrations resulting in various mortality
percentiles could be estimated from Equation 3 for each exposure time. Also,
by estimating asymptotic variances for each of these concentrations,
appropriate confidence limits could also be calculated. However, given the
large amount of heterogeneity of variance of observed deaths about the
logistic regression lines, confidence limits estimated by such an approach
might be too narrow.

Therefore, separate logit models in the fo•i- of Equation I were fit to
data for each exposure time using the Probit and Logit (PROLO) program
(Russell et al., 1977). The 2.0-hr data suffered from heterogeneity of
variance. The 6.0-hr data reflected too high an index of significance for
potency estimation. Only the data corresponding to 3.5 hr were sufficient
enough to use for the estimation of fiducial limits. Estimated concentrations

well as 90% fiducial limits for the true concentrations reflecting these

rates. The risk of a rat dying from a single 3.5-hr exposure is estimated as

P (-5.75 + 1.11 x CONc) (5)

where $ is defined as in Equation 4.

95 -

0*2.0Ohr
"a 3.5 hr

','°, 6.0 hr
75 66

> 
L

=65

55

? ~ ~15:

i j:' I I-0 1 2 3 4 6 7 8 9 10 11 12

'"' Concentration (mgi'L)

Figuft S. Fit of tuhliplc logistic tu1e (Equation. $1 tu tucwlicv data.

....- ,



TABLE 6. ESTIMATES OF CONCENTRA.TIONS CORRESPONDING TO
10 TO 50% MORTALITY AFTER 3.5-KR EXPOSURE TO FOG OIL SMOKE

Concentration 90% Fiducial
% Mortality (mg/L) Limits (mg/L)

10 3.21 (0.32, 4.11)-

20 3.94 (2.03, 4.71)

30 4.42 (3.07, 5.21)

40 4.82 (3.81, 5.74)

50 5.19 (4.35, 6.35)

iistopathologic evaluation of samples taken during the subacute LC50 study
was conducted. The mortality data from the LC50 study, with the addition of a
sumiary of histopathologic observations foe each group, are presented in
Table 7. Tissues from dead animals or animals killed just prior to death
(moribund killed) were taken from two animals per sex per exposure groc For
some exposure groups, fewer than two animals per sex died, in which case
histopathologic studies were conducted on fewer than four animals. In
addition, two animals per sex from four exposure groups were terminally lilled
after a 2-vk postexposure period.

No significant histopathologic changes were observed in the upper
respiratory tract (nasal cavity, larynx, and trachea) of rats that died, were
moribund killed, or were terminally killed. A minimal to moderate aumber of
histiocytic macrophages -ere present iu the sinusoids of the peribronchial
lymph nodes from rats that died, from moribund killed rats, and from rats that
were terminally killed. The number of histiocytes was greater than expected
in a lytinh node from a normal rat; however, sinusoidal histiocytosis would be
expected sequt4e folowin& the pulzoaary iajury described below.

The most severe pulmonary lesiona were observed in the lungs of animalsýý11that died or were mrilud killed. Iistopathologic changes were less severe
in rats killed a:er the 2-wk postexposure period. Lung ch4uges iW cats tht
died or were moribund killed were indicative of vascular injury. The
connective tissue arouad most pulmouary vessels was distended by a miuinil to
moderate 4amout of edemtuous fluid, And various degrees of subacute
.inlammAtory reactiont (neutrephils and macroptagoes) were present 4roud the
vrssls.The ltu&n.s of v.ts were lined by infl4-4tocy cells. Muttple
focal hemocrka~gs, strands of tibriai. and teAttcred vvrpat~wre presenot

7. 4in the alveolar ltd'ain. !otinetphtlie dmtc fluid wats nuotd tattrhe
pulmtoary lveotli. ScvccAt lus contattwd 1t40gpht4i ad dencrat'
alveolar W4114. 4-W 4auy en C4 al41a "at wstkekoavd. Scan ot tho
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thi7cened walls were due to the presence of inflammatory cells, and other
thickened walls were due to the e'rly proliferation of Type II epithelial
cells.

After the 2-wk postexposure period, no histopathologic changes were
present in the respiratory tract of several exposed rats. Minimal to slight
degrees of residual lesions were noted in other terminally killed rats. The
decreased severity of pulmonary lesions in these rats indicated that pulmonary
repair was occurring.

Preliminary Mortality Studies for Phase TI

In preparation for the 4-wk range-finding studies, animals were exposed at
the concentrations (CONC) and times listed in Table 8 for 4 days/wk for 4 wk
to determine a CONC x TIME combination that would not cause death. While
essentially no mortalities occurred during these exposures (Table 8), another
problem was identified. Animals exposed to fog oil smoke for 4 wk had

•.1, 1substantially decreased weight gains compared to ponexposed animals. Animals
appeared to be anorectic during the 4 days of exposure but did eat over the
3-day period ef nonexposure. Water intake also decreased. Table 9 shows the
weight changes observed in animals weighed prior to treatment and after
treatment.

Because of weight differences between control and exposed animals, several
additional studies were conducted. A histopathology study was undertaken toIN: determine if lesions occurred in the. digestive tvact or liver. Such lesions
could indicate if ingestion of the oil was a problem. It should be noted that
the absence of such lesions would not necessarily mean iagestion was not a
problem because changes, for example in live! function, could occur without
producing lesions detectable by routine histopathology. Three male and thret
female rats were exposed to 2.0 mg/L, 3.5 hr/day, 4 days/wk for 4 wk. No
significant treatment-related lesiQus were noted in samples taken from the
digestive tract or liver. Lesions t.n the lung were similar'to th,)se
previously noted.

Because the weight differences noted between control and exposed aiutmal
were discovered as a by-product of auothor experiment, j•u eperim=nt designed
specifically to study weight differences was performed to verify this
observation. Your groups of rats each coutaining 10 m4als and 10 fetales were

.ti trated for 3.5 hr/day, 4 days/wk, for 4 wk as followqs: control anitmls hold
in tuL.oing rack5 (Air-NC), aaizals in a control chamber treated exactly 4s

C 4~~animeAlg that xecoivtd 4 wholte-body epoaurc of fog oil smoke I 'Air-VB),
vholebody expa.ure to 0.3 mg/L fog oil smoke (0.3-WS), And whole-body eoxposure
to 2.0 gijL (2.O-WO). for the secoad through fourth weeks of exposure, two
additional groups wtere added. goth of these group- were placed in Plexiglatas
bodules ( to}) to ohtaiu a Uoti-only cXpoUre. and thbU. prevent iagetitj d.ue to
peoopenat. Otte group vda to 'x.O-mg/L fog oil stokk c .0-. and otto
group was pl4ac•d ta 0h¢ control ch4bar (At:-=D) Wei.htz ot adalfts worr
decormtakv cvory !fthd-y prir to bo d iutur4 iur tNz•e k and wreky

de~nt or tfhv WU410-k4y 4XV&z'rV~ a., tbv 4t~M41'z iourth Vock



TABLE 8. MORTALITY RESULTS OF CONCENTRATION x TIME STUDY

Average Fxposure
Total No. of Ccncentration Length
Days Exposed (mg/L) (hr) Dead/Living Sex

8 0.31 ± 0 . 0 2 a 3.5 0/10 F

8 0.31 ± 0.02 3.5 0/10 M

12 0.51 ± 0.03 3.5 0/10 F

12 0.51 t 0.03 3.5 0/10 m

16 1.06 ± 0.08 3.5 0/10 F

16 1.06 ± 0.08 3.5 0/10 H

16 1.54 ± 0.04 3.5 0/10 F

16 1.54 ± 0.04 3.5 0/10 M

16 2.05 ± 0.05 3.5 1/10 F

16 2.05 ± 0.35 3.5 0/10 m

16 1.06 ± 0.05 6.0 1/10 F

"16 1.06 ± C.05 6.0 0/10 m

a. Meau ± stadard ,ievi.tiou.

TABLE 9. EFE1-CT Of FOQ OIL SMtOKE IXMOSURE ON ANIM.L kE:.,2WT

Weight Change Over a 4-wk
Exposure Exposure Period

Noaexpo% +191.8+7

2.0 rar&L-3.5 he * 14.2 - 6.3

1.0 orI/L-o.0 thr * 10.5 - 6,0

44y d4yt./%tk, for 4 vk.

-'.

*.-w
S1 * 7



postexposure wei 'ght millus its first week pre-exposure weight. The weight gain
over the last 3 wk was also compared among modular-exposed and whole-body
exposed animals in a separate analysis. An analysis of the whole-body
exposures (Figure 6) indicated no sigaificant difference between the Air-NC,
Air-WB, and O.3-WB groups. Each of these groups, however, registered
significantly greater weight gains than the 2.0WBgopradlsofe.
This verified our previous observation that whole-body expisure to 2.0 mg/L,
3.5 hr/day, 4 4iays/wk, for 4 wk resulted in significantly lower body weight
than in comparable controls, whether or not the controls are actually put in
chamber. Weekly weight Gains for these same animals were also analyzed and
showed that for each week of exposure the weight gain iii the 2.O-WB group wasP
significantly les2 than all the other groups (Figure 7).

Np
120 1

10

*Air-NC 1
SAir-WB

0J 0.3 mng/L-W8
80 ~ . gL-WB

: 60 10*

40 1010/

01

Ieae

Sex .

T044 T 1 WOii ht.431 in n-T~dwý 4ud finit" 046ctr --wk exmut.N no
- h:ifaw~r. %WU M dnkl bo&A. 1.zror b~r'A rtpriecal the tuxazd~rd terro

43 the utiSkI itith - ~tEU iirmu Coutrul (P< 0.05).
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Figure 8 shows the comparison of type of exposure (modular is. whole body)
in controls and animals exposed to 2.0 mg/L for the last 3 wk o" the
expeziment. For females, the interaction between type of exposure and
concentration was marginally significant (p = 0.08). This appears to be due
to the larger difference in weight gain between control and exposed animals in
the whole-body groups versus the modular groups. This suggests that in the
females some of the weight difference in the whole-body exposure might have
been due to ingestion. In males, however, although the effects on weight gain
from both types of exposure and from concentration are highly significant

4 (p = 0.0001), there was no interaction between concentration and exposure
type. As the figure indicates, the difference between exposed 2.nd control
animal weights was about the same whether or not the modules we~re used. This
indicated that in the males the difference in weight gain was due to
inhalation. It should be noted that the modules used in these experiments
were not ideal because the module itself caused a weight loss.

484

7* Air-MD 10
A 702.0 mg/L-MD

AIr-MW

M 66 - 2.0 mo/L-WO

2
_ j42

10.

28
3 10

14 2

10.
01

Females Males

Sex

Figutc S. Ch~ngi it wcight ove d01 U 3 wk of poure cotuphrig tru-Aular
_-M)) and wholutbody (%%t) groups. Error bhrl represent the sAttillrd

er of tht wmea. Sigtnificzarath fetillt (naitt ci.ttrul (p < 5).
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k .VPhase II - Subacute Range-Finding Studies

Male and female rats were exposed for 4 wk in a 3 x 2 x 2 experimental
design. The tLree variables included filtered air, fog oil smoke
concentration (0.5 or 1.5 mg/L), frequency of exposures per week (2 or
4 days/wk), and duration of daily exposures (70 min or 3.5 hr). Each
biological parameter was tested on these 12 groups except for cardiopulmonary
parameters that, for logistical reasons, were tested only at the highest
concentration, the longest time and the 4-day/wk frequency. Also,
zoxazolamine-induced paralysis time was completed only for the 4-day/wk
frequency because of technical difficulties. All measurements were made on
the day after the last exposure.

Body Weight

Two sets of data were collected. The weights of one subset of six animals
per gioup were measured immediately before the first and after the last
exposure for each of the 4 wk. Secondly, weights of all the animals were
routinely measured before the first and after the final exposure in the study.
Weight change during each of the 4 wk was examined in both a multivariate and
unlvariate three-way ANOVA. The multivariate ANOVA indicated that the mean
vector of weight changes was significantly (p = 0.0001) affected by exposure
concentration, frequency, and duration. The univariate analyses of each
weekly weight change showed that, during the last 3 wk of exposure, the same
effects were signiiicant as in the multivariate case. The analysis of the
first week's weight change indicated a marginally significant exposure time
effect (p = 0.06) anid a significant concentration by frequency interaction
(p = 0.03). During the first week, although weight gt.in decreased with
increasing fog oil smoke concentration, there was a much greater difference
between the air control group and the 1.5 mg/L group, for animals exposed
4 days/wk (22.3 g), than for those exposed 2 days/wk (4.8 g). For the
remaini.ng 3 wk, weight gains even in the 0.5-mg/L group were significantly
lower than in cont'rols, pooling over frequency and duration of exposure.
Figure 9 shows the effects of the different exposure regimens on weight gain
during the weekly exposure periods. in every case, weight gain decreased as
concentration of fog oil smoke increased. By examining Figure 9 (A-D), it is
also apparent t.hat weight gain decreased when time of exposure was increased
from 70 min to 3.5 hr. 3y comparing part3 A through D of Figure 9 one can see
that weight Bain was less in the 2-day/wk frequency compared to the 4-day/wk
frequency. Since weight.s were taken immediately before and after exposure,
Figures 9A aad 9$ represent weight gain across a 2-day period, whereas
Figures 9C and 9D reprnesoat weight gain across a 4-day period.

The total weight change from just prior to the first exposure until
i£aediately afteor the lst exposure was examined in all animals. This
Analy~sis indicated a significant three-way inttraction (Figure 10). Mlalyxiag
each ýrequeucy group separatrly. • u•at±tt*s exposod .1 dayi/wk -por-ienzied
bigoi?3canL veighrt Changds due to the ýOffct,% of both tog oil sftmke

COUidfit~t~fantd vxourt ttze. Thet-4 v-ivti 4ppeacted to be 4~dditive iothis t'c~ucqcy group. !'o a t; rhioed 4 d~ys/wk. -ei.ht cht w

.Sngaificantly 4ifcted by tUv oJf iu.d 'itn itmukq C otAL•ue fio:a and
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Ii |Figure 10. Weight chinge over the entire 4-wk study. *Siguifi antly different

from cop roi (p < 0.05).

exposure time (p = 0.0002). Least squares means of weight gainz for animals
exposed 4 days/wk for 70 min wzere 84, 94, and 92 g by i.vereasing

. ~concentrations of fog oil smoke. For anitmals exposed 4 days/wk for M. hr,
the corresponding meanxs were 100, 87, and 78 S. W/eight gain was much more

Svariable in tlle control group than inatoher treatm=ent grou~s.'.4 Histoatholo~y

i• I["•'.•,For Exposure Group A, no significant microscopic tiadiags were obser'ved in•

IP•,',the nasal cavity, eyes, heart, sklu, la•ryn~x, trachea, kidnzey, liver, stomach,
• I •duodeuim. testes, or epididyaides. How:ever, 4 few incidental findings such 4s

focal chronic myoearditis, focal tubular regeneration in the kidney,
uuii;-aterl seminiferous tubular atrophy and a correspon~ding lack of" sperta in,

• the epididy'midas were observed occasionally. Focal hetorr'hage, hi•stiocyto=il-l,
an f••oc=• hemosidrrosi!; were observed oacc~ioually in peribrouehiji lytaph

Zt uode5 frow 411 coucentr~tiou g~roups.
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TABLE 10. HISTOPATHOLOGY OF PHASE II - SUBACUTE RANGE-FINDING STUDIES

X' Exposure Group A Time Exposed No. of Male Rats

Air (Control) 2 days/wk-70 min 4

0.5 mg/L 2 days/wk-70 min 4
1.5 mg/L 2 days/wk-70 mrin 4

Air (Control) 4 days/wk-70 rain 4
0.5 mg/L 4 days/wk-70 min 4
1.5 mg/L 4 days/wk-70 min 4

* Air (Control) 2 days/wk-3.5 hr 4
0.5 mg/L 2 days/wk-3.5 hr 4
1.5 mg/L 2 days/wk-3.5 hr 4

"Air (Control) 4 days/wk-3.5 hr 4
_0.5 mg/L 4 days/wk-3.5 hr 4

1.5 mg/L 4 days/wk-3.5 hr 4

E eGT xoNo. of Rats
Exposure Grou B Time Exposed Male Female

Air (Control) 4 days/wk-3.5 hr 6 6
0.5 mg/L 4 days/wk-3.5 hr 6 6
1.5 mg/L 4 days/wk-3.5 hr 7 8

a. In the 1.5-mg/L exposure group, male number 420 and female number 464 died
after two exposure periods, and female number 466 died after one exposure

-* period.

was present in most lungs and was considered to be normal. A minimal number
of macrophages weze scattered throughout the pulmonary alveolar lumens of most
animals exposed to fog oil smoke for 70 min. Usually only one macrophage was
in an alveolus and these alveolar macrophages contained eosinophilic
(protein-like) material in their cytoplasm. One rat exposed for 70 min/day
ior 4 days/wk exhibited a slight increase in the number of wicrophages in the
alveolar lumens. The incidence of lungs with lesi•us wtas lowest (I of

- 4 lungs) for rats exposed 70 min/day for 2 days/wk at 0.5 mg/L. Pulmonary
lesions in most rats exposed for 3.5 hr at 0.5 or 1.5 mg/L were simtlar to
those noted int rats exposed for 70 tdin and consisted of macrophages in the
alveolar lumens. However, the number of wr-AophigeN ini the alveoli W.2s

greatcr W the group e.posod tor 3.5 hr/day for 4 days/wk at 1.5 wg/L.

For Epo~urv:ý Group B, ttmrQae hattges %irre ob'ýr'~ve
itt the lug t mic 4ad1 awct~a~te ratz, fof 4oth gfoupiýi'.i hr -. r

c•hnugrl t.uclded A diffuze 4ecumulttou Vf ro tthat the l•VaIt of

- 4•• .



exposed male and female rats. The degree of severity was concentration
related with slight to moderate involvement in the 1.5-mg/L exposure group and
minimal to slight involvement in the 0.5-mg/L exposure groups. In affected

4 ,rats, scattered alveolar macrophages were present throughout the lung. In
1 41 addition, four of six male rats at the 1.5-mg/L exposure level also had slight
V• to moderate multi-focal pneumonitis. In these rats, multifocal

hypercellularity of the alveolar wall, associated with an interstitial
infiltration of subacute inflammatory cells, was observed. In addition to the
accumulation of maccophages, polymorphonuclear inflammatory cells were also
present within the alveoli of male rats with pneumonitis. Other changes that
were observed within the lung were considered to be incidental and most
frequently included peribronchial and perivascular lymphoid infiltrates.

No treatment-related changes were present in other tissues examined in
this study. A few incidental lesions such as chronic myocarditis, tubular
regeneration in the kidney, and seminiferous tubular atrophy in the testes
were occasionally observed. These changes were considered to be within normal
limits for rats of this age and strain.

Pulmonary Physiology

* The following parameters were analyzed: diffusing capacity of carbon
monoxide (DL ), total lung capacity (TLC), vital capacity, end expiratory
volume (EZV), nitrogen (N2 ) washout slope, N2 washout corrected for changes in
EEV (CEVSLP), lung wet weight, lung dry weight, and body weight. Multivariate
analysis showed effects due to time and concentration but not due to
frequency. There was also a CONC by TIME interaction. Univariate analysis of
the individual parameters showed significant effects in lung wet weight, lung
dry weight, and EEV (Figures 11-13). For both lung weights there was a
significant concentration effect and CONC by TIME interaction. Lung weight in
the 1.5-mg/L exposure group increased significantly compartd to that of the
air control group at the 3.5-hr duration time regardless cf frequency. At the
3.5-hr/day and 4-day/wk exposure, EEV showed a concentration response. The
1.5-mg/L treatment for this regimen was sigaificantly different than all other
treatment groups. EEV of the 0.5-mg/L group was significantly elevated
compared to that of the air control group for that particular regimen. ln
groups exposed for 3.5 hr/day, 2 days/wk, there was 3 tread toward a
concentration-related increase in EEV, but no statistically significant
changes were observed. No significant effects were fouvd in the other
pulmonary physiology p4rameters (FUgures 14-19).

Results for the biological parimeters fromt the second replicate data set
were coeoared to those from the first experimeat to ex~amiae the
reproducibility of the test results. A variable, RE.P, wAs 43sigued a value oi
one if the data arose from the first s.udy or a val-4c of two if it was
produced in the second study. A two-way A•.OVA model ws then fit to the

A '4 ~~c~bit.ac d~at4 svt euataiuiag the rc~pou~s variabloi ot primsry ttttrr.-t. A
¾ ss" ni�tof.cant CO.NC by REP .atiraict•u• ated nomc'oducibilty ou
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Figure 11. Effect of 4-wk exposure to fog oil smoke on lung wet weight.

'aF, = 2 days/wk; F, 4 days/wk; T, =10 min/day; T2 3.5 hr/day.
*Signiiicanty differcnt from control (p< 0.05).
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Figure 13. Effect of 'i-wk exposure to fog oil smoke on end expiratory volume
(EEV). Ft = 2 dayslwk; F: 4 dzyslwk; T, 70 min/day;

"" Ts = 3.5 hr/day. *Significandy different from coatrol (p< 0.05).

FIT, I 
rEtl_

FIT,

CL

aF2TI A 4~ < 2 7

- -S4 6 11 10 12 4 . - Is• •

Vital Ca~peaciy (ml)

Fig~ure 14. Efec of 4 wk c~tspour~ tu GK ~ a' ok ruuk at ital ea4tv.
Y, -:.d~vacdwk. F, w da!ts/N'. T, a t0 tuittd~w ' I~m.S tsr/tda%

9Iy Nw%. ýv i-ý V ~** ~



FIT 0 0. I I**'-*.***"***. I

.t 5mg/I

0 F2TI X

4'-1 X F2T,

P2T2  -

F2T2
F2T2

0 2 4 1 1 10 12 14 16 IS 20 Ml 24

TIC (mU

Figure 15. Effect of 4-wk exposure to fog oil smoke on total lung capatdty (TLC).
F, = days/wk; Ft 4 days/wk; T4 70 nsialday; T3 3.5 hr/day.
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Figure 17. Effect of 4-wk exposure to fog oil smoke on nitrogen (Nt) washout
slope. F, 2 dayu/wk; F2 4 days/wk; T, 70 mm/day;
T, 3.5 brlda y.
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Figure 19. Effect of 4-wk exposure to fog oil smoke on difiusiig capacity
(DLco). F, = 2 days/wk; F. 4 days/wk; T, 70 min/day;
T a 3.5 hr/day.

ghen the respouses were examiaed in a two-way Multivariate ANOVA, there
was no indication of a significant. REP by CONC ••teraction with cespect to t-h
aggregate respon~e,. Signific-3nc probabilities rauged from 0.23 to 0.24,
depeuding on the particular test statistic employed (Williams' or t tests).
The cultivacrite tests of REP and CONC were both statistically significant
regardlese of the particular test statistie. Uuin-ariate ANOVA modela Vere fit
to each of the depeudent variable5 to see which variable responses were most
and least affected in terms of reproducibility and overall coaceatration

A response. In no case was a significant REP by CONC ieraction deteablo.
For the DL , TLC, N: slope (tog of the percentage of N-fbreath), vital
capacity. k-V, lung dry weight, lung wet weight, and bo*1y widight. there was a
Significaut REP effect C < 0.01). la the absetlce of a REP by CONC
interactiou, however, thti does not mean that these results were not
reproducible from replicate to repliete. but only tht the

ncLation-•ei~spo erta 4ifted uoticeb4bly up or dowu.

WASg dry veight (p M 0.0001), lua•g Vt wight (p 0,0002). aU4 Ey,
(P 0.006) VýOrv the Only rrv" : that ~oo4 i n
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effeet4 pooled ov*ýv hoth trepic~ztes -.0 an -1).
ladkvdu4l ±airas~m of aicatý coutrol, ver~u5- mczn repoen t. 4 eh cariQ th,& two

foltol smokeo tadn.o~ in-eat~e zhzt foe REV, the ordv cl±

Thc ae L~ cd o tuu- Jry (P a ~.3.000) 4tia ikit V 0011

.lihtý M•. 4thtVr*

f tL•rt tctvd ,wnd zigttcvnt oftt at th



0.4

ski)

0.51

0.38

C0.47

2.02

((

10.48

1O.301
0.0 O0

Cocnrtin(gL

tAFius 10. t)3o -ke~~r ofo i tee ut; e
C023 vsvs.ErrbnrpmcttcuuarerrO h

me .#Sufcu y iNu t m4 -so . . )

½'qy

Tw .4 t.c,1 1 cad

124awlk al irearcototacd afWtg -0.29 o15 e/ f> %
tLýAr .5 2.024? r--a/w or4w. fte-44nM14-1x-touvxdt

ttirpl*ýUr udv- mt£184Vý-eU d irci-iiviu~
-m Att 4u Sr v =12it h usa~v teicf r'p03dtQoftecgx

ovp,~4;166lf-t i C o~a:du h

46.

vivu



iii

6 "" . . ... . .. . ..

~L.
_4

w 3

0.0 0.5 1.5

Concentration (mg/L)

)'igure 21. Pooled replicate effect of 4-wk exposure to fog oil smoke on EEV.
"Error bars represent the standard error of the mean. *Significantly
different from control (p< 0.05).

Because only three treated animals and three controls were examined for
cardiovascular effects, results were inconclusive. Originally, an additional
group of 12 animals (6 exposed and 6 unexposed) were to be provided for these

: parameters. Hlowever, this would have involved running two chambers for 4 Wk
with oly six auials each. We decided not to do thi5 and the project officer
concurred. P

I
PýA tona ry ýdetfa

The main respuose of interest in this end point is protei, conceutration
in thlv cell-free, lune lavaige fluid, T"~ logs of oirqtain level wtre fit to 4
saturated three-way ANOVA model. The analysis detected no significaut
tateractions involving win effect due. to exposure duration but did show a
siguificaut (p a 0.039) exposure frequency by exposure concentration
interaction (Figuro 22). Post boc t teats of tht differences ia least squAre
mwas indicate-d that ptateint levels in rats exposed to 1.3 mg/L of fog oil
-aýe., 4 dy./wL-, uere significantly elevated over coatrol response
(p = O.01101) Aad also significantly elevated (p a 0.007) in compartsou to the
u.au ievel in •Ai-!alu exposed to the lame tog oil szoke otieatrr.iou' ur, tof

~a vr to the rpoucibilty at rcplicai- 1 4ad 2. tho f~r,!t
Spro kt~tel AOV1 tzbyt 14,he f,'•l u•-o•,l p.atd:U tpokmto! bc " "tcvtý

I.S-ta/L level (Figre ZI). Thr ýccotx ipei4th hcnt. htghvfbýir!:v
tW prot•t•- but kheowod t4ht the uae pttertt: little or
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no elevation at the 0.5-mg/L exposute level and a 36% increase at the 1.5-mg/L
exposure level, Univariate ANOVA of the data from both replicates indicated
no interactions that. would prohibit pooling of data from both replicates.
When this was done, appropriate contrasts indicated a significant elevation of

al lavage fluid protein concentration at the 1.5-mg/L exposure level (p 0.0023)
but not at the 0.5-mg/L level of exposure.

Because both sexes were exposed in the second replicate, a possible
difference between the response of male and female rats 4as investigated using
two-way ANOVA on the data of this replicate only. No effects involving gender
were detected, indicating that the response of males and females was

\4 statistically indistinguishable (Figure 22). When data from males and females
Xi were pooled, the increase over control at 1.5 mg/IL in lavage fluid prctein

concentration was significant, as was the increase seen when pooled data from
the two replicates were analyzed.

Pulmonary Cells

'K •Total cell counts, cell viability determinations, and differential cell

counts were performed on cells from pulmonary lavage fluid. The parameters of
interest (total cells, percentage of viability of total cells, and percentages

¶ • 'of macrophages, lymphocytes, polyMorphonuclear leukocytes [PMNs] and
3osinophils) were examined with uaivariate saturatcd three-way ANOVA models.

STotal cells were log-transformed, and percentages of PtNs and eosinophils were
arc sine square root transformed to satisfy better the usual ANOVA
assumptions. There was still evidence of considerable non-normality of the
latter two percentages, however, even after such transformation. Post hoc
"subtests of standardized differences in least squares means comparing control
group mean versus each fog oil smoke concentration group mean were performed

,s 3 I:foe each cocibination of exposure frequency and exposure duration., Thus, eightsuch tesUs uere perfomaed or; each of the above parameters. To hold the
S' overall Type I error to 1,, only the resuits of such tests that were

siganficant at the 0.05/a - 0 006 probability level are cited here as
stanificaut. Thoe NOVA oi logs of total cells indicated significant main
effects of exposure frtquency- (p = 0.0001), exposure duration (p u 0.04), and

4,4exposuie concentration Cr • 0.04). The only subtest that was siguificant at
the adjusted probabdJity level was 'he CLffereace between control and the

AA. o5-mt/t couctration 8rOUP means for animals exposed 4 4dysiuk for 3.5 hr
_mmm Ie• (Tiuflts 23). Nto o..er such test even approacned signific.lnce. Thus, it

N appsa that for the w se ex-0ure there was an influx of cells into the
4 lung.The. AN-OVA of the. percestage of viability indicsted a signtficaot.

t thxee-Uvy ictvtenetten (p =0.01) between frequency, duration, And
ccmci"tr4ttou. The pos~t hoc t test ot the co~ntrol means versusý the 15mj

I mansfor the 2-daytwk*70 min expoaure group was signific~at (p =0.0001) with
deans of 66% andl 09%. vespectively. This result 4ppeared to be due to
aboortLly low vULues for the •c•trol 4ad O.S-ta/L groups (Figure 23). The
4vt4y *Y,-t~er tr ppro;,ihtng rignif$tat c p 00)vs h to the
d4frec it ea ewencnrl 8$) and the 1.5- ,/L -r up (91%) i

ul-t:41 e s d 4 dys/wVk toe 3.5 hr.

AVA o4 thOecen e ' 1t cr ,Z t A lto indicAted A three-v4y

Athterdcttott (p 0.02) 44tvceot t~c three factoris cofta~ered. £x~intntt the!5
Sm it

-- rV * I•



post hoc t test results, only the difference between the control group mean of
51% and the 0.5-mg/L group mean of 75% in the 4-day/wk-3.5-hr group approached
the adjusted significance level with a probability of 0.0125 (Figure 23).

The interaction of concentration and time was significant (p = 0.001) for
the percentage of PMNs. There was no indication of an interactive or main
effect involving exposure frequency. Of the post hoc tests of differences of
least square means, two were significant at the p = 0.0001 level (Figure 24):

1. the control mean of 0.6% versus the 1.5-mg/L mean of 16.9% for rats

exposed 2 days/wk-3.5 hr/day, and

2. the control mean of 2.4' versus the 1.5-mg/L mean of 15.1% for rats

exposed 4 days/wk-3.5 hr/day.

With respect to the percentage of lymphocytes, the three-way interaction
was again significant (p = 0.002). Three of the t tests were significant
(Figure 24) at the adjusted significance level:

1. the control group mean of 53% versus 13% for the 1.5-mg/L group for

animals exposed 2 days/wk-3.5 hr/day

2. the control group mean of 47% versus a 0.5-mg/L group mean of 18% for
rats exposed 4 days/wk-3.5 hr/day

- 3. the control group mean of 47% versus the 1.5-mg/L group mean of 23%
.. , 1.0for rats exposed 4 days/wk-3.5 hr/day.

The percentage of eosinophils showed a marginally significaat Lhree-way
interaction (p = 0.07) in the ANOVA. Only one of the post hoc tests was
significant: the difference between the control mean of 0.0% and the 1.5-mg/L
mean of 0.8% in animals exposed for 3.5 hr, 4 days/wk for 4 wk. (Figure 24).
Significance levels for this variable should be viewed with extreme cautiou,
however, due to heteroscedist-Icity and non-normality problems.

Figure 25 compares the Phase II replicates for pulmonary cell counts. The
combined replicate analyses indicated a significant increase in total cells
following a 1.5-mgIL exposure. This appears to be due to a significant
(p 0.0001) influx of PRNs (Figure 25), which was significant for each
replicate and when the replicates were combined. The combined replicste
analysis also indicated a significant (p = 0.030) inctease in total cells at

0.5 mg/L, but the percvntage of PMtNs was not significantly increased at
- N0.5 mg/L. Viability of the pulmonary cells (Figure 25) appearetd to be

significanitly etihaoced by the fog oil smoke treatment, at both the 0,5-mg/L
N and 1.5-mg/L concentrations; however, there was a significaut interactiou

between rplicates. Effects were Actully greatcr 4t 0.5 mg/L thau at
1.5 f

The pvrceatage of dlvoolar fcrophage. recovered drrsed wt40 incrvitg

~ le~O whn erlcae 1. 2. Andi 3 wer Comb~ntad(igure 25). Th~r~-r
SA 4 afltltIItt .Utcrittoau b~twtcf REP ntid CONC but thti wv probably due
to zho uawu. ly low control value for the hrsL • e• ltýte. The 4cvcroz t"
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percentage of alveolar macrophages co-responded to an increase in percentage
of PMNs. The percentage of lymphocyte replicates indicated a variety of
responses (Figure 25). Based on the individual and combined analyses, there
was no effect due to fog oil smoke on the percentage of lymphocytes.

Behavioral Response

Activity of rats in a figure-eight maze was recorded via eight photodiode
pairs mounted in the maze. A saturated three-way ANOVA model was initially
"fit to these activity counts. However, to satisfy the usual ANOVA assumptions
better, logarithms of these counts were also analyzed. The latter analysis

4 indicated that the three-way interaction between exposure frequency,
concentration, and duratio~n was significant (p =0.0085), thus precluding our
ability to look at tests of main effects or lower-order interactions within
the framework of this model. To explore the nature of this interaction,
separate two-way ANOVAs were run on the logs~ of the activity counts for each
frequency of exposure (2 or 4 days/wk). The ANOVA of counts for those animals
exposed 2 days/wk indicated a significant CONC by TIME interaction (p = 0.02,
Figure 26). Post hoc tests of the standardized difference in least square
means for rats exposed 70 min and for rats exposed 3.5 hr, at each fog oil
smoke concentration, indicated the most significant difference occurred in the
controls (p = 0.03) exposed to air rather than fog oil smoke. The two-way
ANOVA for animals exposed 4 days/wk did not detect any significant interaction
or main effect. In fact, a pattern nearly opposite to those exposed 2 days/wk
occurred. This was undoubtedly the reason for the three-way interaction.
Comparison of replicate I to replicate 2 of the 3.5-hr/day, 4-day/wk, 4-wk
e.periment showed a marked variability makin, 't difficult to interpret,
especially with regard to the 0.5-mg/L exposure level (Figure 26). At the
1.5-mg/L level, there appeared to be a trend toward increased activity;
however, this was not statistically significant.

Clinical Chemistry

Both multivariate and univariate three-way ANOVAs were performed. A
significant amount of variance heterogeneity among the different treatment
groups was evident. No standard transformation helped. Data were therefore
rank transformed. The same analyses were then run on both the untransformed
and rank-transformed data. The multivariate analyses could not. detect any
significant effect due to fog oil smoke concentration. The results shown ia
Table 11 were at least marginally siguificant for the univariate analyses upon
examination of the eight contrasts comparing controls versus fog oil smoke
groups for each coabiunation of exposure frequency and exposure dur4tion.

Analysis of the clinical chemistry parameters combined from replicates I
and 2 showed no statistieal!y significant changes due to treatment (Figures 27
and 28). From a qua itativ standpoint. examination of the means, pooled over
S .$,,-° replicates, revealed a• monQ c tacrs or dvere;v with rspect to for oil
smoke concentration fur albutun, cholesterol. bilirubina cholinta e,
leuclan ataopepV tvae, ic "ganic phosphorous. and protein. ecausr there ts
, 33% chance ei e mou otaouc ttnvc•--a or dret--e thc .amtnaioti ot

MC10 vrtoaeS, at woulde ct 'Ct to lnts, 4Uti bte%54 t# •eW c Wr treCad y ttte
'20 vartablou. vv wv.it.ld expd et 6 or 7 vartAblc: to show such 4 trend by C~hance.
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TABLE 11. EFFECT OF FREQUENCY OF FOG OIL SMOKE EXPOSURE
ON CLINICAL CHEMISTRY PARAHETERS

Variable Contrast Exposure p Critical pa

Albumin Air vs. 0.5 mg/La 2 days/wk-3.5 hr 0.018 0.006

Air vs. 1.5 mg/La 2 days/wk-3.5 hr 0.018 0.006

Aldolase Air vs. 0.5 mg/L 2 days/wk-3.5 hr 0.016 0.006

Blood urea N2 Air vs. 1.5 mg/La 2 days/wk-70 min 0.010 0.006

Air vs. 0.5 ms/L 2 days/wk-3.5 hr 0.003 0.006

Creatine ~inase Air vs. 0.5 mg/L 2 days/wk-3.5 hr 0.003 0.006

Protein Air vs. 0.5 mg/,6 2 days/wk-3.5 hr 0.033 0.006

Aspartate Air vs. 0.5 mg/L 2 days/wk-3.5 hr 0.004 0.006
auminotransferase

Air vs. 0.5 mg/L 4 days/wk-70 min 0.0014 0.006

Cholinesrterase Air vs. 0.5 mg/La 2 days/wk-70 min 0.0014 0.006

Air vs. 1.5 mg/La 2 dayslwk-70 min 0.0001 0.006

a. p=O.05 + 8.

Hematology

Niue variables were examined for this end point: white blood cell count
(WUC). percentages of PKN5, percentages of lyvhocytes, red blood cell count
(RBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCfl), mean
corpuscular hemoglobin coaceatration (MCHC) in erythrocytes, ptrcentage of
hematocrit, and hemoglobin. ttultivariate and univariate ANOVAs were performed
on the'se variables to examine them both collectively and individually.
"Because no sian!rd traasformaatoa unifor•uly corrected both the
hbeteroscedasticity and non-ora.ality of the ANOVA model residuals. the
variables were rank trn ortoed. The above analyses were thus run on both the
uatranfotrmtd sand r~~-trnsformed variablo.. HMuItivariate 4aalv!As oif
naeither the unt tnftioýred nor the ranktrn fo data 4atc ny
mltivjriatso etf;t of tog oi I~K wak cocurtion. the~ uaiv4rc ret4 4 .t,
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TABLE 12. UNIVARIATE RESULTS OF tEfIL\TOLOGY PARAMETERS

Variable Contrast Exposure p Critical pa

SMfCV Air vs. 0.5 mg/L 4 days/wk-70 min 0.018 0.006

MCV Air vs. 1.5 mg/L 4 days/wk-70 min 0.010 0.006

Hemoglobin Air vs. 0.5 mg/L 4 days/wk-70 min 0.006 0.006

a. p < 0.05+8.

A consistent trend toward significance of a particular exposure regimen
over several end points did not emerge, nor were there effects in the worst
case exposures (highest concentration for the longest and most frequent
exposure). No notable effects of fog oil smoke exposure appeared on
hematology end points, st least with the sample sizes used here. However,
when hematology parametera measur-ed in replicates I and 2 were analyzed
together by a multivariate A.-&.A -:del some effects were noted. There was no
indication of a multivariate interaction (p z 0.64, Wilks' criterion) or an
oversll fog oil smoke concentration effect (p = 0.18, Wilks' criterion). The
univariate ANOVA for MCV indicated a highly significant main effects test
(p = 0,0054) due to exposure concentration (Figure 29). Changes in the RBC
were tuargitiall zi-gai~firnt, &4a h- nuw r t ~f ratinnz awinoti1 ThU"
although the volume of Ted blood :e; is significantly decreased with
increasing concentrations of fog oi ke (p = 0.05 at the 1.5-mg/IL level),
the RBC appeared to increase with f. smoke concentration. The other
parameters were not affected by fog oil smoke exposure (figure 30).

Xeuobiotic Mectabol~ism

Pentqbrbital~nsleep1 ing Time

The parameters teasured by this assay, time to loss of righting rflex
after injection of sodium pentobarbital and elapsed sleeping time, were
exaz•tied using both multivariate and univariatt 0OVA methods, Vhen the
saturated three-•ay multivariate XqOr,:A was fit to the vector esponse
coprised of these two times, there was a signiticant effect Ott the joiut
respou-e duc to 0xposure Lime (p 0.043) 4ad A malainally 3ignificaut
iateraction (p = 0.09) of exosure frequency and concentration. To
investte .these cff-ets further, the 4aivariate thrte-e-way ANQVA of eachrestnose varibte was eamifed The a_!yvis oi loss of r-..ht,- ,-.mdiektd the a iv:i.'t fia With the significant effeict (p = O.0O79)

17Atl ,5- ti td 4 -4zauly SiuifiC-t (P V 0.0-33) IXtWu•.e

mea tme t lssomr~ 1 .07 a~d 9.'s fm fo thv 0fsf

icig at! .4--e Lou - - -* - - - -Ia t l A .ZyýW :0, 4-- , .. N
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decline in loss of righting reflex time ac 0.5 mg/L of fog oil smoke but
showed an increase at 1.5 mg/L. Using subtests of the differences in least

.f lsquare means for the animals exposed 4 days/wk, the response at 1.5 mg/L
(9.4 min) was markedly different (p = 0.006) from the control response. For
the animals exposed 2 days/wk, there were no significant differences between
controls and fog oil smoke exposed groups.

With respect to pentobarbital-induced sleeping time, there were no
significant effects due to concentration, frequency of exposure, or exposureduration. The least square means from the analysis reflected a trend in the
expected direction. Hean sleeping time for animals exposed 2 days/wk was
50.2 min and for animals exposed 4 daysiwk wat 49.1 min. For rats exposed
70f min and 3.5 hr on each occasion, sleeping times were 52.7 and 46.7 min,
respectively. At 0.0, 0.5, and 1.5 mg/L, sleeping times were 56.1, 45.6, ind
47.4 main, respectively. Figure 31 plots mean sleeping times over fog oil
smoke concentration for each combinatioq of exposure frequency and duration.
Only in animals exposed 3.5 hr/day for 4 days/wk was there avy indication of
the expected concentration resrpZose; tVe concentration reesponse in the other
three groups was generally flat. hon we analyzed only the 3.5-hr exposure
group, we saw a significant (p = 0.02) effect due to fog oil smoke
concentration. Although this test was biased because it was performed after
the fact, it did indicate that sleeping tiuse was more than negligibly affected
by fog oil satoke concentration.

Figure 32 shows a comparison of replicates 1, 2, and 3 for the 3.5-hr/day,
4-day/wk for 4-wk exposures. Considering the third replicate data separately,
sleeping time increased slightly with increasing fog oil smoke concentration.
This contrasted with the previous replicates in which a monotonic decrease in
sleeping time was seen with increasing concentration. The result was a highly
significant (p < 0.01) interaction between REP and CONC. The data were then
examined taking two replicates at a time. Only when zhe second and tnird
replicate data were combined wa& the interaction not statistically
significant. There was no difference, however, between slee"ing times of
animals from the different fog oil ke concentrations when pooled over these
two replicates.

Zoaxzolamine-lnduced Paralysis Tire

This end point was measured only for 4auitali exposed 4 dayN/wk as
explatued earlier. Two measurements were takecn. thb, time irowa ijec;Aqu to
loss of righting reflex and the tme the aui•ma rewAined pral•yed. Because
the response is multidimensional, both multivariate and uvari ate methods
were used to analyze the dbta. Logarithas of both mwasures were takea to
improve homogeneity of variance and the naormal distributiou of reiduAl
4-saptio••on. A s urdted two-w7y uttvai.te ýANO-VA =del wms fit to tho
r!1ou vetor compri d of both los"I of rini retlex aud par lysis ti o.
Thiis joi.nt rttpoftfe was- !ýtgftieauntly iffcrt ?y both exponurcL u

(0 .0~00) duni duration (pz 0.00M,.
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Figufe 32. Effrec of 4-wk fog oil SmOkc exposure on pentobarbitaljnd uced sleep-ing timen by rePlIcate. *Significantly differtnt from conutol (p < o. 05).

righting reflex. The ANOVA of the lastter indicated no significant m'no-I interactive effects from concentration cr exposure duration. Figure 33depicts mean loss of righting reflex w'ith increasing fog oil smokeconlcentration for each exposure duration. The geometric mean loass of righting*refleu was 4.42 min in controls, and was 4.45 and 4.99 min in the 0.5- aud1.5-g/Lconcentration groups, respectively. With respect to exposureduration, mean times to loss of righting reflex were 4.42 aud 4.81 sia for the7O-tmiu aud 3.5-hr exposure groups, respectively.

The wunvariate ANOVA of paralysis time indicated highly siguificanteffects due to both expcsure coaceentratiou of fog oil smoke (p 0.01 n
duratiog (P= 0.0001; Visure 33). ZLeasr squares gometric me~as were, 228,108, and 37 si fo hCi oto, n x r ripnrospectively. For the 7O-min and 3.5-hr exposure groups, &eoaetrie meanromsponstes were 162 aud 103 mia. repectively. From Figure 33, VC call clearlyste there is no evideiace of an expos.,Are concentration by duratioti ineratioa.Thuai do ~an reasonably as~ue that, for pralysis tiee, thesia two factors 4re* ~Additive.

Fiure 34 shaws y 4 ai cofk r~esults fro~n replicates I attd 2. In
* both rpli~to- parilyiis time w~s sigandic~anty deproNýýd aftor txpouur t0.5 AUd 1.3 Mg/' of fQQ oil 1ý14k in .
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Enzyme Activity

This end point was not assayed during the previous 4-wk exposures.
Because there was only one replicate, a one-way ANOVA by concentration was run
against each response. In the cast of a significant (p < 0.01) main effect of
concentration, the Williams' test for lowest effective concentration was
applied. AMI showed concentration-related effects (p < 0.001, Figure 34).
The Williams' test indicated that the AM( mean at 0.5 and 1.5 mg/L was
significantly different from that of controls.

Whole-Body versus Nose-Only Exposures (Zoxazolamine-Induced Paralysis
Time)

The comparison study of whole-body to nose-only exposure using
zoxazolamine-induced paralysis time as an end point was analyzed. Analysis

"1 V consisted of a two-way ANOVA on the primary parameter of interest,
zoxazolamine-induced paralysis time. The two factors were the method of
exposure, whole-body (WB) or nose-only (NS), and the fog oil smoke
concentration of 1.5 mg/L or filtered air.

due ANOVA indicated no sign of an interactive or main effect on paralysis time
due to the method of exposure. Either method or pooling over methods
indicated a highly significanrt effect due to fog oil smoke exposure at
1.5 mg/L (Figure 35).
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SImmunolegy

Natural killer (NK) cel.l activity was determined at four
Seffectot-to-target cell ratios ranging at twofold intervals from I to 25 to 1

to 200. The multivariate tuOVA showed only an effect due to concentration
(p = 0.05). Figure 36 sloiws that this was due to an increase in cytotoxicity
in the fog oil smoke-exp sed groups. Figure 37 shows a graph of NK cell
"activity for the differert exposure groups. NK cell activity increased in fog
oil smokc-t-'tated animal.- exposed 4 days/wk for either 70 min or 3.5 hr, and
2 days/wk for 3.5 hr. However, post hoc t tests showed that the only results
approaching significance were at the 1:200 and 1:50 ratios. For the 1:200
ratio, the difference be'.ween the control and the 1.5-mg/L group means for the
2 days/wk-3.5 hr exposur," yielded a significance of p = 0.02. The same
contrast for the 4-day/wc group for the same duration time did not approach
significance. For the 1"50 assay, the difference between the control and the
l.S-mgjL group means for 4 days/wk-3.5 hr/day yielded a significance of
p= 0.03.

*,',40
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I35 --u W 0.5 moiL
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Figure 37. NK cell cytolytic activity for the different exposure groups expressed
as log of effector-to-target cell ratio. F, = 2 days/wk; Fz = 4 days/wk;

T,=70 min/day; T, =3.5 hrs; 1.4 = NK25; 1.7 = NK50; 2.0 = NK100;
N" 2.3 = NK200. Error bars represent the standard error of the mean.

Responses to mitogens are expressed as counts obtained for the individual
mitogen treatments less background counts obtained fror cells exposed only to
media. For statistical analysis, square root-transformed values were used to
improve variance homogeneity and normality of residuals. Multivariate ANOVA
of transformed spleen cell data indicated a significant frequency effect
(p = 0.0005) but no effects due to concentration or time. A similar analysis
of peripheral blood cells also showed frequency as the only significant effect
(p = 0.0045). Uaivariate ANOVA was also performed for each mitogen tested in
spleen and for e~cb mitogen tested in peripheral blood. Eight post hoe
t tests comparing the control versus each fog oil smoke exposure group mean
for each frequency-exposure-time combination wr:e examined to determine for
"which, if any, a significant concentration-related effect could be seen. For
both spleen (Figure 38) and peripheral blood (Figure 39), only the differences
between the control mean and the 1.5-mg/L mean in the longest exposure and the
highest frequency group appeared to approach siguifieanee. For this group.
the spleen two-sided p values for the mitogens PMA, Con A, 4ad .Mti were 0.04,
"0.03, and 0.06, respectively. For peripheral blood, p values- i4r the -a-e
witogens were 0.03, 0.07, and 0.05; hovever, if these volue were Adjuted for
the nauber of cont.4ýts examined, these resulzt would not reach sig±ggnee.
A15o, in the 5econd replticte, thiN tv•-d ',,w'ad decreasing rspuntt to
aiitogen.- wiiith ineroasiug fog atl smoke cu t' o for both ý-plorn and
periptierAl blot;d culture did uot occur (Ftgum'e 4U And 41).
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F'uare roots of differential counts were analyzed for responses of splenic
and perirheral lymphocytes to mit~gens. Multivariate ONOVA of these variables
by replicate and concentration irdicated a weak interaction (p = 0,091);
however, there was no evidence o' a multivariate effect due to concentration
(p = 0.66). There was a strong effect due to replicate (p = 0.002). None of
the univariate ANOVA, indicated either a significant (p < 0,1) interactive or
main effect due to concentrtion. None of these variables indicated a
significant concentratinn-related effect whea analyzing only the second
replicate da:a. If there were effects due to these fog oil smoke
concentrations uith respect to the immunology parameters analyzed Uere, we did
not Akave enough power to detect them.

A thii replicate was conducted for NK .ell activity because the results
of the first two replicates were inconclhsive. Four effector-to-target cell
ratius were tested at twofold intprvals ranging frcm 1:200 to 1:25. Results
for each effe!tor-ti-.target cell ratio were analyzed separately by two-way
ANOVA. For all replicates combined, no main effect of fog oil smoke
concevtratic:- was detectable for NKSO, NK100, or NK200 (Figure 42). For NK25,
an interaction (p = 0.054) between rtplicate and fog oil smoke concentration
was indicated. ApparentLy this was oec-,%e the second replicate (which was
comprised of only three animals per group) differed markedly from the first
and third replicate, each if which showed enhanceu NK cell activity with
increasing fog oil smoke, concentration. Looking at these analyses two
reolicates at a time, it was eviient that replicates I and 3 reflected the
most consistent response. This can be seen from the interaction between
replicate ann exposure concentration for each of four ratios. These two
replicates als- Indizated main effects due to fog oii smoke exposure not only
for .K25, but " for NK53 and NK100. Pooled over these two replicates,
tests of di ff..,:ces betwoen least •quare means indicated that for NK25, the
mean peri.eota~t of tysis was .ignificantly hiiher than control response aL
both 0.5 and 1.5 mg/l.; for Nb'. only the mean !t 1.5 mg/L was significantly
highec than control; and for NI00, results were the same as for NX25. Thus,
if the second replicate (2, rat' is &gnored, the data showed eahanced NK cell
activity at three of the four effecto-t'l-Larget rcll ratios in rats exposed
to 1.5 mg/L of fog oil smoke (Vtgure 43)

table 13 shows a aw-u~ry of the subac,•tt riuge-fiudiug study rasults.

Phase III - Subchronuc Studies

Part A

In !his study, male r3ts wore exposel tor 13 wk, . h/d!;., 4 days/wk, to
filtered air, or' 0S5 or 1.5-mgjL fog oil smoke cotent.-atiotis Half the
an4=4 were sesd the day after tht 4it vposure (aonrecovery) aad h~lf
were as•a4 after a 4-wk recovvry period (rcco-ery).

-- y lt•t 4t4 Were pirepa±'ed Afvt
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TABLE 13, SUPMMY OF PHASE II - SUBACUTE RANGE-FINDING STUDIES

Parameter Effect

Itistopathology Doa,-related t in alveolar macrophages
Pneumonitis in 4 of 6 males exposed at 1.5 mg/L

Pulmonary physiology t EEV, lung wet and dry weight

Lavage fluid protein t at 1.5 mg/L
No male/female difference

Pulionary cells t in P•i4s and total cells at 1.5 mg/L
Behavioral response NS

Clinical chemistry NSa

Hematology NSa

Pentobarbital-inducej NS5
sleeping time

Zoxazolamine-inducej Decreased at 0.5 and 1.5 mg/L
4 paralysis time

A10I activity Increased at 0.5 and 1.3 mg/L

SImmnaology P"'ssible enhancemen4t of &K cells

a, $3 N o significant effects.

In male rats exposed for 13 wk to fog oil smoke, a diffuse accum4ulation of
wacrophage% wa* present in the pulmonary alveoli. Although the distributton
of mcrophages involved all regions of the pulmonary p4rtuchyta, the number of
alveolar tcrophbaea in the Alveoli was greater neAr the tertmiAl brouchioles.
The detree of severity w4s conceatrtiotn related with moderate to moderately
severe involvevmt in the 1.5-ts/ exposure group, And mi .l to slight
involvetmet in the 0.S-,%4/L exposure group. Similar change* were preseut
following recovery; hcWVeer the degcee of involvewent was dligbtly deCres(ed.
O!ny a eoderato aumihr t, .olar a a re present La th e ai
mate ratsý int the I.Say& . ge~oup. There wasý very 1.-ttle ditfcetruce

½betwveen theo appeý.r4atce of the luua. titer 13-wk cixposure or tot lovitig thec
recovery pvCriO4 4t 0.5mtL with bjttillal to sl44t dt.t 4evzi of 4lveolar
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macrophages being present in both groups. Other changes observed in the lungs
that appeared to be associated with fog oil smoke exposure included focal
hemorrhage in 3 of 10 rats in the 1.5-mg/L exposure group following a 13-wk
exposure. Multifocal granulomatous pneumonia was observed in I of 10 rats
following the 13-wk exposure and in 2 of 10 rats following recovery in the
1.5-mg/L-exposed group. Other changes that were observed within the lung were
considered to be incidental and most frequently included peribronchial and
perivascular lymphocytic infiltrates.

Multiple foci of macrophage accumulation were present in the cortical and
m~dullary sinusoids of the peribronchial lymph nodes of male rats in all
exposed groups but not in control groups. Lymphoid byperplasia was also
observed in the cortex of the peribronchial lymph nodes of many of the exposedrats. The incidence and the severity of these changes were both concentration
related. However, little differznce was present between the incidence or
severity at either exposure level when the findings at 13 wk were compared
with those following the recovery period.

At necropsy, the mandibular lymph nodes of several of the control and
exposed rats were described as slightly enlarged and red. Microscopically,
these lymph nodes had varying degrees of lymphoid hyperplasia and congestion
of the cortical and medullary sinusoids. Although the incidence of these
findings was slightly greater in exposed groups than in the control groups,

.ý,Q the relationship to exposure is not clear. Only mandibular lymph nodes
S. .. described as abnormal at necropsy were examined histopathologically;

therefore, this tissue was not examined from all rats in the study.

No treatment-related changes were present in other tissues examined in
this phase of the study. A few incidental lesions such as chronic
myocarditis, tubular regeneration in the kidney, and seminiferous tubular
atrophy in the testes were occasionally observed. These changes were
considered to be within normal limits for male rats of this age and strain.

SThe terminal body, brain, lung, liver, kidney, and testicle weights were
recorded at necropsy. For other end points, the pathology data were analyzed
both separately by type of recovery and by combining recovery and nonrecovery'wZ animal;. Total body weight and the weights of each organ are plotted in

"- �Figure 44, and the ratios of these organs to total body weight are shown in
Figure 45. Only these ratios or transformations of them were analyzed within
a tftulttvarizte XNOVA framework. All ratio data was log-trausformed to
alleviate hateroscedasttcity problem .

Multivariate ANOVA of the nonrecovery data of the logS of the
tisstes-to-body weight ratioa indicated a significant effect on the joint
Sresponse (p = 0.0001, Wilks' criterion) due to fog oil smoke concentration.
Univariate ANOVAs indicated eofotraton-relatd ects for the lWg
"V (p 0.001) 4ad liver (p 4 0.04) to body weight ratios. ThW lliAm's t:t.
, uzit= mg•4tnaotoi ly t4n or dcc: ýt:As trend with vr~ea'a1a
c•onenmtration. indicated that evetn at 0.5 a*t/L. lutu-to-body wetght r4tioa

AN, Ut~ýwet'LIZItantily '1rvt iroe those • contcurol. Urat., lIvor, and ktducy
& weights a- A percentta-e oi total body wvtght a41.. tacva~ed with ttcatiof

but aot ntt y.
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Multivariate ANOVA of this same profile of ratios for recovery animals
also indicated statistical significance p = 0.0001, Wilks' criterion) due to
concentration. Individual ANOVAs, however, indicated that only the
lung-to-body weight ratio was affected by fog oil sm•oke concentration
(p = 0.0001). Assuming a trend with increasing concentration, the Williams'
test found only the mean at 1.5 mg/L different from that of controls for the
same raL-o. The other organ percentages did not even qualitatively follow a
concentration-response relationship with fog oil smoke concentration.

A two-way multivariate ANOVA with fog oil smoke concentration and recovery
time as factors was run on the combined data set. There was no significant
interactive recovery time by fog oil smoke concentration effect on the joint
response. 1%,e main effects of fog oil smoke concentration were significant
but there kas no multivariate effect due to recovery time. The univariate
two-way ANOVAs indicated that the lung-to-body weight ratio was strongly
affected by fog oil smoke concentration and that this effect still remained
after recovery.

Pulmonary Physiology

Individual ANOVAs of each parameter indicated concentration-related
changes in lung wet weight (p = 0.0001) and lung dry weight (p = 0.0001).
Lung wet and dry weights were affected similarly after 13-wk exposure with and
without the recovery period (Figure 46). Pooling over concentration groups.,
lung weights were lower for recovery animals. '-cording to the Williams'
test, there was still a significant upward trend in these weights, even for
recovery animals, with the 1.5-mg/L concentration group significantly
different from control. Williams' tests indicated that for lung dry weights,
the means for both nonrecovery and recovery animals at 1.5 mg/L
were significantly greater than their respective controls. For lung wet
weight, a significant increase was also seen at the 1.5-mg/L level for both
groups. No difference between any concentration group and control response
could be seen for KEV using a two-sided Williams' test (Figur.- 46). However,
using a less conservative subtest (a t test of the least squares means), there
was a significant (p = 0.02S) difference between the 1.5-mg/L and control
groups of the nourecovery animals.

Combining the recovery with the nourecovery animals, the two-way
Multivariate ANOVA indicated both recovery (p = 0.001, Wilks' criterion) and
conceatration-related (p = 0.0001, Wilks' criterion) effects on the joint
response. ludividual two-way ANOVAs of each response showed differences,
pooled over concentration groups, in N. washout lovels due to recovery
(p z 0.0001). Figure 47 5hows that recovery aniMal levels of the .4 washout
parimeter were lower than those for uourecovery rats. The opposite effect waýs
apparent for N-4 washout corrected for UV; the slope for aourecovery aima It
waS generally lower (p 0.014, Ftgurr 47).

.4

4sit



* 0.70 -1 -

0.60

0.0

L 0.40

2.5-

~~1. 2.0 --

4.0

'J3.6

0.40.2.
Cor.Cntraion mg/L

Itils **vwo- %. -ua wo uc-..ad Sgi~ n . lfrr

(p-



C -0.150-CL 0-0 13 wk
.j I RecoverY

20) b- - 0.200-

-0.250

1>~I 0 > -0.6 L..________

.j .'

0- u

('2 0.300
195

1iu c.

E 7 -if
20.00

0 j 17500 .
> C

Concentration (rngfL)

w4.2t~ ~hout ILqw dNL).Utttotj iwJAh"Ut -,Iupcr cur-mtod fur



C: Pulmonary Edema

Figure 48 shows the effects of fog oil smoie treatment on lavage fluid
protein concentration. Recovery animals alone showed a marginal (p 0.082)

;i effect of fog oil smoke on lavage fluid protein concentration. Duunett's
test, however, could not distinguish either concentration group as different
from controls. The two-way ANOVA indicated an interaction between recovery
and concentration (p = 0.038) on the lavage fluid protein concentration.

. Clinical Chemistry
V.

0 4-1 4For recovery animals, the joint response of the parameters studied did not
appear to be affected by concentration (p = 0.2168, Wilks' criterion).
Individual ANOVAs indicated that onily amylase (p = 0.025) was influenced by
fog oil smoke (Figure 49). Dunnett's test (two-sided) showed that the amylase
level at 1.5 mg/L was significantly different from that of the controls.
Triglyceride levels, which showed a significantly decreasing trena in
nonrecovery animals, were indistinguishable in recovery animals (Figure 49).
When data for the recovery animals were combined with that for Lhe nonrecovery
animals, there was an overall recovery effect (p = 0.0001, Wilks' criterion)
but no concentration-related (p = 0.3633, Wilks' criterion) effect.

Xenobiotic Metabolism

There was a significant cnncentration-related decrease in
zoxazolamiae-induced paralysis tiui and an increase in AMI activity after

SB.-41 Recovery
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13 wk of exposure. After the recovery period, AIW and paralysis time were
measured to determine the duration of the effect observed immediately after
the 13-wk exposure (Figure 50). AIMH levels were log-transformed to correct
for heterogeneity of variance as had been done for nonrecovery animals.
PFalysis time and AIIH activity were significantly affected after a 13-wk
exposure but returned to normal during the recovery period. Among recovery
period animals, paralysis time increased with concentration but not
significantly as compared to nonrecovery animals that showed a significant

* decrease in paralysis time by concentration. The two-way ANOVA combining data
for recovery and nonrecovery animals showed an obvious interaction
(p = 0.0001) between the effects of recovery and concentration. Cytochrome
P450 concentrations were not significantly altered by 13-wk exposure to fog
oil smoke, nor did the recovery period show a latent effect (Figure 50).

Immunology

Immunology data (mitogen data and NK cell data) for recovery and
nonrecovery animals were analyzed separately. Parameters of mitogen data were

7 transformed by taking the square root of the difference between each mito&n
and media count. Multivariate ANOVA of mitogen recovery data did not indicate
any significant effect of fog oil smoke concentration on the joint response.
The individual responses did not appear to be affected by fog oil smoke
concentration either. No significant interaction (recovery time by fog oil
smoke concentration) od the joint response was evident in the multivariate
ANOVA of the combined data. Univariate ANOVA of individual responses showed
"significant effects of recovery on splenic Con A, PHA, and PW? responses
(Figure 51). Recovery effects of boraerline significance were present for
peripheral blood PHA and Con A responses; no effect was shown for P.,i
(Figure 52). No main effect due to fog oil smoke concentration was indicated
by either the multivariate or univariate analyses of the parmeters.

* I,

A significant effect of fog oil tmoke co4ncentration on the joint response
of the NX cell recovery data wad indicated in the multivariate ANOVA
(p z 0.028, ilks' criterion). ftfeets of fog oil smoke concentratiou on
iadividtial responses were significant (p < 0.02) for NK25 and U200
effector-to-t4arget cell raEioa (E/T) but not NKSO and NK00 (Figure S3). For

Sthe combigvd data, no significant iateraction (fog oil smoke caOncetr~tion by
recovery) on the Joint response of the pav eters wvt evident. Sieificaftt
iain effects aert iudic~ted for both fog oil smoke oe ration (p = 0.0037)
And recovery (p z0.0001). Consideration of individual retQnx** by mdans of
univdrite &NOVA revo•iod signific~at mjin effects of both fog oil smoke
coirentration aud recovery foe NK E/Ts of 25. 100. and ZOO. For an NK EIT of
-SO the effect of recovVey ou cytalyt!i w• statstiy di*ficat.

Table 14 shtvvt a Uu&ary of the rcultst oi YhAde IIt - behronie Stutdv:
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TAB3LE 14. SUMHARY OF PHASE III - SUBCHRONIC STUDY: PART A

Pulmonary Response
Parameter 13-wk Exposure 4-wk Recovery Period

Histopathology • Dose-related I macrophiges - Granulomatous
• Lymphoid hyperplasia pneumonia at

1.5 mg/L

Body weight $ at 1.5 mg/L NSa

Lung weight t t at 0.5 and 1.5 mg/L t at 1.5 mg/L

Pulmonary physiology 1,S NS

Pulomnary edema NS NS

Systemi : Response

Histopathology Hrperplasia and Similar to 13-wk
congestion of exposure period
mandibular lymph nodes data
at 0.5 and 1.5 mg/L

Clinical chemistry 4 "friglycerides t Amylase

AMl activity I at 0.5 and 1.5 mg/L NS

Zexazolamine-iliduced 4 at 0.5 aad 1.5 mg/L NS
paralysis time

Cytaochrome P450 NS NS

Imunolooy .S NS

a. NS U0n sigattficant effcts.

Part 8

Rats wt vpo to thcr 4r, or 0.2 or 0.5 tuL of tog oil *ok to"

3.5 hr/4y, 4 dyltk tor 13 wk. Th sudy wi 4 t.ol -up. to Phwv III
W 4R. i P4r A !itudy. vhidý.h h~d exposure lovcels ot f1jev- 4trd And 0.5 o4u 15 tug/L

N.
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Histopathology

After terminal sacrifice, necropsies were conducted on three groups of
10 male rats that were exposed to 0.2 and 0.5 mg/L of fog oil smoke and to
control air, respectively. Treatment-related microscopic changes were
observed in the lungs of male rats exposed to 0.2 and 0.5 mg/L of fog oil
smoke for 13 wk when compared to control groups. A diffuse accumulation of
macrophages was present in the pulmonary alveoli. The degree of involvement
was generally considered to be minimal to slight in rats exposed to 0.2 mg/L
of fog oil smoke and to be slight to moderate in rats exposed to 0.5 mg/L of
fog oil smoke. Other lesions observed in the respiratory tract that occurred
only in rats exposed to fog oil smoke included submucosal and subacute
inflammation in the larynx of 1 of 9 rats exposed to 0.5 mg/L, and submucosal
lymphocytic infiltrates in the larynx of 2 of 10 rats exposed to 0.2 mg/L and
4 of 10 rats exposed to 0.5 mg/L of fog oil smoke. Multiple foci of
macrophage accumulation in the cortical and medullary sinusoids observed in
the peribronchial lymph node of one rat exposed to 0.5 mg/L was similar to
that observed in earlier studies at higher concentrations.

At necropsy, the mandibular lymph nodes of several of the control and
exposed rats were described as slightly enlarged and/or red. Microscopically,
these lymph nodes had varying degrees of congestion of the cortical and

*' medullary sinusoids. The incidence of congestion was similar in control and
treated rats, and no relationships to exposure were present. Only mandibular
lymph nodes described as abnormal at tecropsy were examined
histopathologically; therefore, this tissue was not examined for all rats in
the study.

No treatment-related changes were present in other tissues examined in
this study. A few incidental lesions such as chronic myocarditis, tubular
regeneration in the kidney, peribronchial lymphocytic infiltrates in the lung,
and focal chronic inflammation in the liver were occasionally observed. These
changes were considered to be within normal limits for male rats of this age
and strain.

Pulmonary Physiology

Two-way AINOVA on ea4;h respoose indicated either a sizable inttraction
between REP and CONC, or a maijn e'fect of REP for the following measures: N,,

washout slope (Na-SLP, REP effect, p = 0.0001), TLC (REP effect, p = 0.016),
lung dry weight (REP efiect, p = 0.008). The data for the two replicates At
0.5 mg/L were combined for the following qarameters: compiance, body we.ghkt,
lung wet weights, DL , and vital cjpxeity. When the two replicates wtre
combined using 0.0 atU 0.5 replicate data, body weight decreased with
increa-ing concentra4tiou but not in A statistically notabtle f-1ahion
(Figure 54). Howevoc, At 1.5 mgIL, the obscrvod dvcreaze of 72 g is
Zignificant.

Whe~n the Viliattz tv~t w4ai 4ppitcd -s'aatrly toi cat~h rci~4te-t '1ai.
l wu vt 4acl dry wegtý :Ihowc st ±itttQant trcvtd~ wtth cn~tau

(Fi~gure 4) Othe~r parAtf4;tcr:; wcriý not zgntitcittt (Ftgurr.s 55 Atd SO).
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Pulmonary Edema

Three parameters were examined here: body weight, volume of lavage fluid
removed, and lavage fluid protein concentration. The two-way ANOVAs of the
data from both replicates for filtered air and at 0.5 mg/L indicated sizable
replicate differences for both lavage fluid volume and lavage fluid protein.
Thus, the data for these two variables from the two replicates were not
combined prior to running Williams' test. Williams' test on lavage fluid
protein for the second replicate indicated that the mean response at 0.5 mg/L
was different from the control mean (Figure 57). Because there was evidence

41 4
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"of nonhomogeneity of concentration group variances, the same analysis was
repeated by the ranked observations. This showed that the. mezn rank of the
0.2-mg/L group was also different from that of control. This indicated that
the nominal significance probability of 5% was affected by the homogeneity
problem. There was no difference in the volume of lavage fluid recovered at
each concentration (Figure 57).

Pulmonary Cells

Five parameters were analyzed: total cells, the percentage of total cell
viability, and percentages of macrophages, PMNs, and lymphocytes. These end
points were not examined in Phase III Pzrt A; therefore, no combining of
replicates was involved in this analysis. The percentage of total cell
viability was not affected by fog oil smoke concentration at any level
(Figure 58). Percentages of macrophages, PMLNs, and lymphocytes, however, were
affected, with 1.5 mg/L being the lowest effective concentration. There was
some heterogeneity among concentration group variances for macrophages and
PMNs, but analysis of the ranks of these variables yielded the same results.

Hematology

This end point was not examined in Phase III Part A. Information was
.IN~collected on Ii blood parameters, 9 of which had sufficient information to

analyze. A one-way ANOVA by fog oil smoke-concentration was run against each
of these nine responses. None could be detected as significantly affected by
concentration. Hemoglobin showed a general increase with concentration but
was not significantly affected (data not shown).

Xenobiotic Metabolism

0 11 Zoxazolamine-Induced Paralysis Time

The pDrameters examined for this end point were induction time and
paralysis time. The two-way ANOVA on paralysis time indicated an (p = 0.017)
interaction between RnP And CONC. Thus. the data for paralysits time were not
pooled over both replicates. Evea when examined ;eparately by replicate(Figure 59), however, the mean paralysis time of 199.5 (ti at 0.2 m/L is

s-gnificantly different from the ontrol mtah of 270.6 ea t• Wi lliams'
test. There wts no effect of increasing concentration on inductiou timw (data
Uot, Shown).

ruyuw Activity

F-oe the two-way kNOVU with MP and CONC as factor%, there was An
interaction involving REP for eytoehrome P4?SO. Idhen we li~oO.ed It the
cytochrome P450 concentratieon r•pone separAtely by RE with •ill•aws' toest.,
there was ao iudieatiua of a :oatis;tiQAlly significaot e
" 4treutt (44ta not shown). AUIM :ýhod 4 ~ti±t 4d~tedwtth

co~etrt~~,~~4a the ftcan rc: ponuv 4t event O- 2 g/i vasý ut ftezatly
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Figure 59. Conceutrmion-resrAtise after suhchronic 13-wk exjpourc OU paralysis
time and AUtl activity. Sigrifiieaatly dikefau frjim
€cacuo4 (p< 0.)5).

varianeces atong the different. cotncentration groups. The analysis of %11H was
repeated on the rjank• of the AhU levels to check tht resul--i under fdore
reasonable &NOVA assumpions. tea VWllUa.ts' z*.sL vAs applied to the rAnks,
the maximtun like•giood ei~uate3 of the mat ranks At 0.2, 0.S. aud 1.5 mg/L
vct indisiaguisQhabe., bu.t al were VC g x~cai utly higher t%4u cgtro1.

Table IS shows a suxary oi the reýiuts from Phase Ill - Sbchroai" S~tudy:
Part a.
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TABLE 15. SUMMARY OF PHASE III - SUBCHRONIC STUDY: PART B

Pulmonary Response
Parameter 0.2 mg/L 0.5 mg/L

Histopathology Mild t macrophages Moderate t macrophage-

Body weight (c)a NSb NS

Dry lung weight (s)c NS t

Pulmonary physiology (c) NS NS

Pulmonary edema td td

Pulmonary cells NS t % PNNs
4 % macrophages
t % lymphocytes

>• •, Systemic Response

Histopathology NS NS

Hematology NS NS

q~.ARH activity t

Zoxazolamine-induced 16
paralysis time

CYtochromv P450 NS NS

a. (c) = combined replicate data analyais

b. NS no significaut efects.

c. -~ siugl e plicate dLata AuaJlyss.

4. Ouly o"cured in replicate 2.

N4
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Treatment-related microscopic changes were observed in the lungs and
peribronchial lymph nodesi of rats of both seig~s exposed to 1.5 mg/L of fog oil
smoke for 13 wk when compared to control groups. A diffuse accumulation of
macrophages were present in the pulmonary alveoli. The degree of involvement
was slightly greater in the male rats than fem~ale rats exposed to 1.5 mg/L of
fog oil smoke. Most of the male rats had a moderate degree of diffuse
alveolar macrophages; female rats were genterally considered to have only
slight involvement. Although the distribution of macrophages involved all
regions of the pulmonary parenchyma, there was an increased number of alveolar
macrophages near the terminal bronchioles. Other changes observed in t~he
lungs that appeared to be associated with exposure to fog oil smoke included
multifocal granulomatous pneumonia in 3 of 10 males, focal adenomatous
hyperplasia in 1 of 10 female rats, and congestion and perivascular edema in:W

3female rats that died during the study. M1ultiple foci of macrophageN"
accumulation were present in the cortical and medullary sinusoids of the
peribronchial lymph nodes of 5 of 10 male and 5 of 10 female rats exposed to
fog oil smoke.

At necropsy, the mandibular lymph nodes of several of the control and
exposed rats were described as slightly enlarged and red. ?licroscopicaily,
these lymph nodes had varying degrees of congestion of the cortical and
medullary sinusoids. The %.ucidence of congestion was similar in control and
treated rats of both sexes and no relationships to exposure were present.
Onlyý mandibular lymph nodes described as abnormal at necropsy were examined
his- ..,-V~ologicallyz therefore, this tissue was aot examined from all rats in

No teatentreltedchanges were present in other tissues examined in

this study. A few incidental lesi.ons such as chr-onic myocarditis, tubular
to.generat,.oa in the kidney, peribronchial lymphc-cytic infiltrates in the lung,
and seminife )us tubular atrophy in the testes were occasionally observed.
These changes were considered to be within normal limits for malea rats of this
age and strain.

Pulmnau Pusiology

Th aeprmtr that bad been examined in other phases of the study
wer alo eamiedhere. Multivý!riate ANQ't.'A iudicated overall eifects of

sender (P < 0.001) 4nd of concentration (p < 0.001) on the vector comfprise~d of
these 10 responses. No mutivariate interaction of Sender and concentration
was evident for this overall response. When tes-ned qn an iudividual respoaý.e
basis, all the parameters in-licated a main eftect due to Ceadier (p < 0.001),
males' being greater than females' (Yigure3 60-62). Residual voluse, indicatcd
a goader by eoa etratiot iateraction (p 0.044). When siubtesting for
Coacen'.ratioa effect hy grtiker nsifig ri~ddffrne of It!4st UJ'~t~a
means. wt Qbserved 4 siguifteant inereased in residual volumo in tfales
(Pr 0.00,J) but nor- in *maftlc's 0.619), ove!:411. horh !Aoxtt 4PPs!4.
cqt44l17 3%taitivo to fog oi smoke cxpo;iue.
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Pulmonary Edema

ANOVA of protein levels showed no gender effect (p 0.627) but a strong
fog oil smoke effect (p < 0.001, Figure 63). Protein levels izncreased more in
females (p < 0.001) than in males (p < 0.039). Lavage fluid volume was
affected only by gender and not by fog oil smoke exposure.

Pulmonary Cells

"Each of the parameters was analyzed in a two-way ANOVA. No interactions
involving gender rad fog oil smoke were detectable. Total cells showed a
gender effect but no effect due to fog oil smoke concentration (Figure 64). A
strong (p < 0.001) effect of fog oil smoke, but no gender effect, was seen in
both percentages of macrophages and of PMNs. The percentage of lymphocytes
was affected by both gender (p = 0.053) and fog oil smoke (p = 0.042). No
effects of either gender or fog oil smoke were detectable with respect to
percentages of viability.

Hematology

From the two-way ANOVAs, there was evidence of gender and fog oil smoke
concentration interactions for MCV, MCHC, and the percentage of hematocrit.
For MCV, when subtesting by gender, levels dropped significantly (p = 0.022)
in females but not in males whose levels increased although not significantly
(p = 0.212, Figure 65). For the percentage of hematocrit, we saw a
significant (p = 0.006) decrease in females but no change in males. With no
interaction involving gender, the following showed an effect of concentration
RBCwhen pooled over sex: RBC (p = 0.020) and hemoglobin (p 0.031, Figure 66).
"RBC also showed a significant (p < 0.020) a ender effect. WBC and HCi were
"affected only by gender.

SXenobiotic Metabolism

Zoxazolamine-Induced Paralysis Time ..4,

Uuivariate ANOVA of paralysis time indicated a strong fog oil smoke effect
(p 0.001) but no effect of gender (p = 0.815, Figure 67). Subtests of the
concentration effect showed that paralysis time decreased more in females
(p < 0.001) than in males (p = 0.053) for this study.

Enzyme Activity

There was no evidence of a gender by fog oil smoke concentration
interaction for 4ay of the variables tested. Alt activity was affected by
exposure to fog oil smok~e. This was true when pooliag over gender (p < 0.001)
or whea examiaing wles (p 0.001) and female-, (p < 0.001) separately
(Figure 67). So ch~taige duc to gender or to fog oil smoke were detectablv in
cytochrome P450 ltvets.

tabte 16 luwt atýtrC thc riulti of • - 11 subchroatc Study: i'Act C.
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TABLE 16. SUMMARY OF PHASE III - SUBCHRONIC STUDY: PART C

Pulmonary Response
Parameter Female Male

Histopathology Slight t macrophages Moderate t macrophages

Body weight Overall male effect Overall male effect

Lung weight t at 1.5 mg/L t at 1.5 mg/L

Pulmonary physiology Overall male effect Overall male effect

-- Pulmonary edema t at 1.5 mg/L t at 1.5 mg/L

Pulmonary cells % % macrophages % % macrophages
% PMNs % ,MS

t % lymphocytes

Systemic Response

Histopathology Congestion of Congestion of

maadibular lymph nodes mandibular lymph nodes

"" Hematology 4 MCV 4 R3C
! % %hematocrit
Shemoglobia

A10 activity t at 1.5 tý/L a t 1.5 mg/L

Zoxazolamiae-iflduced at 1.5 m•/L NS1
.4 paralysis time

Cyto'chrome ?450 Ns S

-.J

i1t5



DISCUSSION

Based on the results of these studies, there appears to be both a
pulmonary and systemic response in rats due to inhalation of fog oil smoke.
Mortality s.udies demoastrated a steep mortality curve by both time and
concentration. There was no difference between sexes as to mortality. The
LCS 0 for fog ox' smoke was determined to be 5.2 mg/L for 3.5 hr of exposure.
Results were simik-r in the 4-wk subacute and 13-wk subchronic exposures with
the extent of injury >eing concentration- and time-related.

Body weight decreases were observed during both subacute and subchronic
exposures. This appeared to be the result of the fog oil smoke-exposed rats
not eating during the days when exposures were occur:Pign. Then, during the
intervening days frora one weekly exposure to another, the animals ate and
regained some of the weight lost during exposure. It is therefore reasonable
to conclude that increased fog oil smoke concentration and longer exposure
times contributed to a decrease in normal weight gain over the exposure
period. During the subacute studies, increasing the frequency of exposure did
not affect body weight. The actual weight loss after the subacute exposures
in the worst case situation was less than 10%. This difference appears to t'e
due to an anorexigenic effect on the days when exposure occurred. During the
subchronic studies, the weight loss in males was substantial (-72 g) at
1.5 mg/L and appears to be an indication of toxicity. The females also lost.
weight during the subchroaic study (-10 g); however, the loss was not
significant.

Hale and female rats exposed to 0.5 or 1.5 mg/L of fog oil smoke for
either 70 mia or 3.5 h:!day, 4 days/wk for 4 wk, exhibited increased alveolar
macrophage populations in the alveoli of their lungs. The cytoplasm of these
macrophages contained eosinophilic, protein-like material. The
treatment-related lesions were concentration dependent. The severity of this
effect was slight to moderate in rats exposed to 1.5 mg/L and minimal to
slight in rats exposed to 0.5 mgiL. In addition, multifocal pueumonitis was
observed in some male rats exposed to 1.5 mg/L, but no sign of paeumouttis wa3
seen in female rats at this concentration. No treatment-related lesions were
observed in the other tissues examined. After the subchronic exposures,
treatment-relaced lesions were observed in both male and female rats. A
Cotcntrnatioa-celated accumulatioa of macrophages was present in the atveolar
lumen and sinusoids of the peribronchial lytph nodes of rats exposed at 0.2,
0.5, and 1.5 tv/L. The lesions observed after 1.5 mg/L exposure were still
tvideut following the 4-Iwk recovery period. No lesious were ohberved in
ConLtol animats. Congestion, focal hemorrhage, and multifocal grauutoinatous
paenumoata Were also observed it the mate ratz after 1-5 mg/L exposure. Some
graiulomawa !ormed after 13 Wk of expo-ure, but the majorlty were not observed
until after the 4-wk recovery period. This occurreace suggts4 aprogressive
ln~ion after' crz :attuuot uf eý:iure.

Of the pulmonary hyiutology para:rts studied, oatly uttt wet and dry

wZgt n t cc~e~~cnt ~cidac .o iAo ~uuet
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1.5 mg/L. None of the parameters showed significant effects at the 0.2 or
O.5-mg/L concentration. Because lung wet and dry weights were affected at the
1.5-mg/L concentration in the same manner, we believe this is due to an
increase in lung cellularity, as verified by the pathology results. This
effect was evident in both females and males, bot:: immediately after exposure

4 1 and after the recovery period. Because diffusing capacity was unchanged and
normal gas exchange was maintained, we speculaý.c that tbe significan nces
in EEV at 1.5 mg/L observed during subacute exposure (4 wk) may be an attempt
of the animal to compensate for a change in the alveoli, such as oil
depcsition or cell infiltration. Because it is not uncommon to observe
increases in EEV following exposure to a respiratory irritant, the animal may
have been responding to the exposure by taking shallower breaths.

The effect of fog oil s~aoke on pulmonary cells was supported by the lung
weight changes arid the histopathology results. Cell viability, total cell.

'Alt count, and cell differentials were measured. There was a significant increase
in total cells following both subacute and subcihronic exposure to 1.5 mg/L,
which appeared to be due to an influx in PHNs. There was a 25% increase of
alveolar macrophages following the 4-wk subacute exposure to 0.5 mg/L as
compared to controls. However, these data are difficult to interpret because
the control values are lower than historical control data from this
laboratory. Yet, in the subchroni~c exposures to 0.5 mg/L there was also a
significant increase in the percentages of Ph1Ns and lymphcc-tes and a decrease
in the percentage of macrophages indicating an inflammatory'response. Rats

4 exposed for 4 wk to 1.5 mg/L also showed an 8% increase in the percentage of
eosinophils in the total cell population. However, due to heteroscedasticity
and non-aormal data probl.,ms, no biological significance should be attributed
to these data. Viat.,,ity of the pulmonary cells appeared to be enhanced by
the subacute fog oil sfdoke treatment at. both the 0.5- and 1.5-mg/L
concentrations; however. there was a significant interaction between
eeplicates. Effects were actually greater at 0.5 m$/L than 1.5 mg/L. The
mechanisms responsible are unknown. it is pogsible that the fog oil smoke
caused a lysis of resident nonviable cells, and/or the influx of new cells

(prmaily~tS) Mugin to an appatrerl~y highev vial-lity. fliologUItly
important changes in lymphocyt, poulation- were not noted after any exposurt,
although in some cases statistically s itfiicaut increases were uoted.

Protein levels in the lunge, were measured as An indicator of pulmonary
edema. We couclud-td froto these studie~s that rats exposed to 0.2, 0.5. A d
1.5 mg/t, for 4 or 13 uk, regardless of duration time or sex, showted 44
increate in protein content of the lungs lvage fluid. This protein increase
was probably duc to Itkage of serum proteias into the luug that accowmpAuiie

various p moay r~acter.; were tnea-Uced. The behaioral data
reported (figur -cight ft.re reaD*.mse) 14Qk 4a ic~nta~ful bioloie cxrl~tiltof
for the piatt ran ob ve-td. tt ii avpt Itkrly th3t thv- ~nt tatret
reported vA4 4 atsi4~ rtifaet 4td thatt the ;ýfiects ot the: 4-wk eposrvz
vere either fir Itgle ;4r not 44kct4%tel wttithi- :ý=t it va

taa frttertotttg Vth lacrtUtrii.ýada~ a-fv



Clinical chemistry par'ameters were measured as both a toxicological
"indicator and quality control measure. Significant effects were seen most
often at the 2 day/wk for 4-wk frequency, at the 3.5-hr time and 0.5-mg/L
concentration. However, effects in the worst case exposure group are lacking
a•nd the data do not suggest any trends. The significant decrease in serum

.4 triglycerides after 13 wk of exposure to 1.5 mg/L of fog oil smoke was
4• I probably the result of dietary change as reflected in the weight loss

reported. The amylase increase could be explained by pancreatic dise,.e, but
no histopathological evidence supported this theory. It is more likely that
the ingestion of oil by preening caused a stimulation of the salivary glands,
which in turn caused a release of amylase into the bloodstream. Thus, we must
conclude that the fog oil smoke did not adversely affect the clinical
chemistry parameters in any consistent trend. From a quality control point of
view, this suggests homogeneity between the exposed and control groups.

Various hematological parameters were measured to determine the effects of
fog oil smoke inhalation on the blood. In the subacute studies' worst case
situation (highest concentration for the longest and most frequent exposure),
there was a significant decrease in MCV that appeared t~o be compensated for by
an increase (though not significant) in the number of RBC. In the subchronic>1 studies, there were differences between female and male rsts after 13 wk of
exposure to 1.5 mg/L of fog oil smoke. The combined hemiatological effects
observed in the female suggest the possibility of an anemic response. The
significant decreases in MCV and in percent~ge of hematocrit are outside the
lower boundary of normal for albino rats. The drop in hemoglobin was"N• statistically significant but still within normal limits, as was the RBC.
Further examination of hemotological parameters would be necessary to form a• firm conclusion.

There appeared to be little to no immunological response to fog oil smoke.
Mitogen response of spleen and WBC was negative, but there was some
enhancement ef NK cell activity after the subacute exposures. This suggested
that the fog oil smoke was introducing new antigens -n some way (possibly by
alteration of ho-t cell membranes), which subsequently stimulated NK cell
activity. NK cell activity is thought to have a major role in xmmune
surveillance. However, it is important to note that two different strains of
rats were used for the 4-wk (Fischer 344) -nd the subchronic (CM) studies due
to exposure logistics. Correlations should ant be draw* between these data.

four parameters of xenobiotic metabollsm were mea-ured:
penrobarbitai-induced sleeping time. zoxazolamine-induced parrlysit time,
"cytochrome P450 couceatration, aad AAH activity. There was no reprcducible
change in sleeping Lime or liver cytochrome P450 due to fog oil smoke
expqsntre. However, paralysis time and AMl activity were sigaificant'y
decreased it 0.2, 0.5. and 1.5 dg/L of fog oil awke (4 and 13 wk) in 4

`44 7coCe4tri-re poise tu•ner. The ilteratious tn AMI activity 4ad
.Zoxz!*ý:0mite-iduced pLr•[yt tice but not cytochrome P450 or s1.epitA tie
s.gugests a ieleetkve fe•oct oa cytochrecme ?1-450, which I- retponsible tor ;.A?

2:Z~~~ mrtabohs..-. This_ ia~uetiaot of AMl could twc due, to the polyyc:le lty4'eFhO

4roo 4s to whCthe•r the civcti • o t hg liver wet'r duc to tn ettU O tho tti

:11.
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"oil smoke. As reported in the results, a comparison of whole-bodyto
nose-only exposure showed no difference in paralysis time due to method of
exposure. This confirms that the results were due to inhalation of the smoke

"In conclusion, 4-wk subacute and 13-wk subchronic inhalation of fog oil
smoke appeared to cause an inflammatory and edematogenic response in the lungs
of male and female adult rats, yet pulmonary function and gas exchange were
not significantly compromised. Formation cf granulomas after the recovery
period suggests a progressive lesion in the lung following the su-bchronic
exposure in the male rats. Extrapulmonary effects consisted of altered
xenobiotic metabolic mechanism, as suggested by a possible induction of a
specific isoenzyme of the cytochrome P450 system.
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